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k of 
CHAPTER VI. 
IMPERFECT NEUTRAL SALTS, WITH BASE 07 menue, © on na. 
| MONIAGAL SALTS. 


88 ſalts are formed by the combination of; an acid 
with volatile alkali, or ammoniac. Their taſte is generally urin- 
ous ; they are all more or leſs volatile, and more eaſily decompoſed 
than the perfect neutral ſalts. We are acquainted with fix dif- 
ferent ſpecies : ammoniacal ſulphat; ammoniacal nitrat z ammo- 
niacal muriat, or /a ammoniac, properly ſo called; ammoniacal 
borat ; e REIN and ammoniacal carbon at. 


Species J. Ammoniacal Sulphat. 


Ammoniacal ſulphat, formerly called vitrialic 1 ſalt, 
or ammoniacal witriol, is produced by a ſaturated combination of 
ſulphuric acid and ammoniac. It was termed ſecret ammoniaca 
/alt of Glauber, becauſe this chemiſt was the firſt who diſcovered it. 

This falt, when very pure, appears under the form of needles, 
which, when carefully examined, are flattened 3 with ſix 
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ſides, two of which are very large, terminated by pyramids with 
ſix faces, more or leſs irregular ; but this form exhibits varieties 
which are different from thoſe we have deſcribed; This ſalt ſome- 
times occurs in the form of quadrangular priſms : I have often 
obtained it in ſquare and very thin plates. 'This form ſeems to 
depend, as in every inſtance of cryſtallization, on the manner in 
which the ſaline particles are depoſited, which is either leſs regu- 
larly on each other, or according to the law of 29 decreaſe. 

The taſte of this ſalt is bitter and urinous, it is very light and 
very friable, | 

As it contains much water of cryſtallization it melts at Gel 
with a very light fire, but it becomes gradually dry in proportion 
as its water of cryſtallization is diſſipated. In this ſtate it begins 
to redden, and melts ſpeedily, without being volatilized, accord- 
ing to Bucquet, though Baume aſſerts that it is ſemivolatile. 1 
have obſerved, in repeating this experiment, that a portion of the 
ſalt ſublimes, the reſt remaining fixed in the veſſel. Bucquet, 
doubtleſs, means to ſpeak of this laſt a. 

Sulphat of ammoniac is ſcarcely changed by expoſure to air; 
it does not effloreſce like ſulphat of ſoda, but, on the contrary, 


ſlightly attracts the humidity of the air, 


It is very ſoluble in water; two parts of cold, or one of hot 
water, being ſuſficient to hold it in ſolution: it cryſtallizes by 
cooling; but the fineſt cryſtals are obtained by ſpontaneous eva- 


| poration, It likewiſe unites with ice, which it melts, producing 


at the ſame time an exceſſive degree of cold. It does not act on 
ſilicious and aluminous earths ; magnefia ſeems to decompoſe it 
aſter a length of time, as Bergman obſerves. 

Lime, barytes, and pure fixed alkalis diſengage the ammoniac, 
as we ſhall likewiſe ſee in muriat of ammoniac; if carbonat of 
potaſh or ſoda be diſtilled with ſulphat of ammoniac, a double 
decompoſition and combination take place. The ſulphuric acid 
unites with the fixed alkali, and forms either ſulphat of potaſh or 
of ſoda. The carbonic acid, at the ſame time, being volatilized, 
together with the alkaline gas or ammoniac, both unite and form 
a peculiar ammoniacal ſalt, which cryſtallizes in the recipient. 
We ſhall ſpeak more fully by ou this ſubject in the hiſtory of muriat 


of ammoniac b. ; 
The nitric and muriatic acids ſeparate the ſulphuric acid of the 
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fulpliat of ammoniac, in the lame manner as from the fulphats of 
potaſli arid ſoda; 

It has not hitherto been found in nature; yet we find in the 
Cryftallographiz of ' Rome de Liſte; 1772, page 57: that accotd- 
ing to Sage; the native fal ammoniac of volcanos is of this 
kind. It is artificially produced by the direct combination of 
the ſalphurie acid, and ammoniac, or by decompoſing earthy 
or metallic ſalts; by means of volatile alkali; or laſtly; by the de- 
compoſition of nitric, mutiatic, and carbonic ammoniacal ſalts wy 
the ſulphuric acid. * 

Sulphat of ammoniac is of no uſe, though Glauber recom- 
mends it ſtrongly, for metallurgie operations ©. | 


Pßpeciet II. Nitrat of ann 


Nitrat of ammoniac, or nitrous ammoniacal ſalt, is alſo a pro- 
diftion of art, prepared by the direct combination of the nitric 
zcid with ammoniac; its cryſtals are priſms, whoſe figure has 
not beeft accurately deſcribed. Rome de Lifle affirms, that it 
cryſtallizes in fine needles, reſembling thoſe of ſulphat of pot- 
aſh z but they are in fact very long and ſtriated, arid relemble 
common nitre more than ſulphat of potaſh. Mx To! 

Its taſte is bitter, penetrating, and urmous. It is friable like 
ſulphat of ammoniac. When expoſed to the action of fire it li- 
quifies; gives out aqueous vapours, becomes dry, and, long be- 
fore the red heat, detonates alone without the contact of any in- 
flammable matter, and even in a cloſe veſſel. In the firſt edition 
of this work we obſerved, that this fingular property appeared to 
depend on the ammoniac, becauſe alkaline yas ſeems to be in ſome 
degree combuſtible, and becauſe it augments the flame of c:.ndles 
before it extingulſhes them. Berthollet having expoſed nitrat 
of ammoniac to the action of heat in a pneumato- chemical and 
diſtillatory apparatus, and having obſerved the phenomena of this 
operation more carefully than had been done beſore, remaxks, 
that it is not a true detonation which takes place, but a ſudden 
and inſtantaneous decompoſition, in which part of the volatile 
alkali or ammoniac is entirely deſtroyed. The water obtained in 
the receiver contains a ſmall part of the nitric acid diſengaged in 
proportion to the quantity of ammoniac decompoſed; and the 
latter gives out azotic gas or atmoſpheric mephitie. The liquid 

A ij 


4 5 MURIAT OF AMMONIAC, 
product of this operation being weighed, a greater quantity of 


water is found than exiſted in the nitrat of ammoniac; and 
Berthollet thinks that this ſuperabundant water is formed by the 
union of hydrogen, which is one of the principles of ammoniac, 
with the oxygen of the nitric acid. The azot, or other princi- 
ple of ammoniac, which is fix times more in quantity in this ſalt 
than the hydrogen, is diſengaged and collected under the veſſels 
of the pneumatic apparatus, under the form of azotic gas. 

It is not known whether this ſalt be fuſible, for the firſt liqui- 
faction is owing to its water of cryſtallization, and it is diſhpated 
before it can be made to undergo a ſecond. 

The ſame may be remarked of its volatility, for it ſwells and 
is decompoſed before it can be ſublimed. 

It flightly attracts the humidity of the air, which agglutinates | 
* cryſtals, and forms it into clots or balls. 

It is very ſoluble in water; unites with, and melts ice, pro- 
ducing a conſiderable degree of cold. Half its weight of hot 
water is required to diſſolve it, and a ſomewhat greater of cold; 
it cryſtallizes irregularly by cooling, but the moſt PRES cryſtals 
are obtained by 1 pontaneous evaporation. 

Nitrat of ammoniac is decompoſed by barytes, * and fixed 
Akalis. The alkaline gas ſeparated by theſe cauſtic ſubſtances, 
being very volatile and expanſible, the decompoſition of nitrat of 
ammoniac, as well as of other ſalts of this kind, is practicable in 
the cold, and may be effected by triturating this ſalt with lime; 
but when the decompoſition is intended to be made in cloſe veſ- 


ſels, by means of fire, the heat muſt be very carefully regulated, 
4 to avoid ſpontaneous combuſtion. 


The ſulphuric acid diſengages the nitric acid from this ſalt with 
melden, and forms ſulphat of ammoniac, with its baſe d. 

The carbonats of potaſh and ſoda decompoſe. it by double af- 
finity, and in the operation a concrete volatile alkali is ſublimed, 
which we fhall examine under the name of carbonat of ammoniac. 

The nitrat of ammoniac is not applied to any uſe. 


Species, IL | Muriat of Ammoniac, or Sal Ammoniac. 


Ammoniacal muriat is a ſaturated combination of the muxiatic 
acid with ammoniac. The ancients diſtinguiſhed it by the name 


MURIAT OF AMMONIAC., 5 


of Sal Ammoniac, becauſe they received it from that * of Ls, | 
in which the temple of Jupiter Ammon was ſituated. 2 | 

- 'This falt is found native in the vicinity of burning 3 
where it has the form of an effloreſcence, or groups of needles, 
either ſeparate or together, uſually of a yellow or red colour, and 
mixed with arſenic and orpiment. This is not uſed, the faQtitious 
ſort prepared in the large way being the only fort met with ir in 
commerce. k 

The true origin of is fol wade how dd. 
ment of the preſent century, though the alt itſelf has been uſed 
from time immetnorial. By a letter of Mr. Lemere, conſul at 
Cairo, written to the Academy, the 24th of June' 17195 we be- 
came acquainted with the art of obtaining ſal ammoniac from the 
ſoot of camel's dung, which is burned at Cairo inſtead of wood ©, 
This ſoot is put into large round bottles, a foot and a half in dia- 
meter, terminated' by a neck two inches high, which is filled to 
within four inches of the neck; each bottle contains about forty 
pounds of this ſoot, and affords nearly ſix pounds of the falt. 
Theſe veſſels are placed on a furnace, ſo formed, that the neck 
only is expoſed to the air; a fire is made with camel's dung, and 
continued for three days and three nights; and the ſalt ſublimes 
on the twelfth or thirteenth day. The bottles are then broken; 
and the loaves of ſal ammoniac are taken out; theſe loaves, which 
we receive in the form they obtain from the ſubliming veſſels, are 
convex and unequal, having a protuberance on one fide formed 
from the neck of the ſubliming veſſel. The inferior as well as 
the ſuperior ſurface is ſoiled by a kind of ſoot. 

Pomet has deſcribed a kind of ſal ammoniac in loaves fimilar to 
thoſe of ſugar, with the point cut off, which is imported by the 
way of Holland. Geoffroy, who firſt difcovered in France the 
materials of this ſalt, and conjectured the proceſs employed for 
its preparation, Yiſcovered likewiſe, that this ſecond kind of fal 
ammoniac is made in the Indies, where it is prepared in much 
larger quantities than in Egypt, from which it differs only in its 
form, being likewiſe ſublimed. Theſe loaves, of fourtegn or fif- 
teen pounds each, are hollow at their baſe, and formed of three 
different layers. The cone is truncated, becauſe the point, con- 
ſiſting of impure matter, has been cut off. 

Baume has eſtabliſhed a manufacture of muriat of ammoniac in 
the neighbourhood of Paris, where this ſalt is entirely compoſed. 
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tracted it. Baume's ſalt is much purer than the Egyptian “. 
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6 MURIAF OF 4AMMONIAC. 
by a different proceſs from that of the Egyptians, wha only ex- 


The taſte of muriat of ammqniac'is penetrating, zcrid, aud urin- 
ous. The form of its cryſtals is a long hezahedral pyramid; 
the feathered form conſiſts of a number of theſe pyramids joined 
together under various angles. Rome de Lille thinks that the 
cryſtals of muriat of ammoniac are octahedrons joined together. 
Cubical cryſtals of this ſalt are formed, though rargly, in the 
middle of the concaye and hollow parts of * loaves formed by 
ſublimation. _ 

This ſalt poſſeſſes a ſingular phyſical PIRpariys namely, a Lind 
of ductility or elaſticity, ſo that it rebounds under the hammer, 
and may be bended ; a circumſtance which ue it difficult to 
pulverize. 

Muriat of ammoniac is a volatile, bur requires 2 confi- 
derable heat to raiſe it. This method is uſed in order to procure 
it in a ſtate of purity, and perfectly dry. It is pulverized, and 


placed in matraſſes plunged up to their middle in a ſand bath; 


heat being gradually applied for ſeveral hours, the ſalt ſublimes, 
and forms a maſs compoſed of ſtriated needles joined to each 
other length-ways. When the operation is well managed, regu- 
lar cubical cryſtals are often found in the middle of the loaf ; but 
if the heat is too great, the mals 1 is denſe, eee. and 
as if melted. 

Baume has obſerved, that when this ſalt is ſublimed ſeveral 
times, there is each time diſengaged a ſmall quantity of ammoniac 


and muriatic acid; ſo that it may perhaps be poſſible by repeated 
. ſublimations to eee muriat of ammoniac entirely: this fact 


requires to be confirmed. 


= W 


* Sal ammoniac is now made in large quantities in Britain. The volatile alkali 
is obtained. in an impure liquid ſtate from ſoot or bones, or any other ſybſtance that 
affords i it; to this the ſulphuric acid is added: and the ſulphat of ammoniac thus 
droduted. is decompoſed by muriat of ſoda by double affinity; the ſulphuric com- 
bining with the mineral alkali, and the muriatic acid with the volatile alkali, The 
liquor therefore cuatains ſulphat of ſoda and muriat of atnmoniac, which are ſepa- 
rated by cryſtallization ; and the muriat of ammoniac is ſublimed into cakes for ſale. 
The cheapneſs of the ſulphuric acid, and of common ſalt, is the 'cauſe why they ate 
made uſe of inſtead of the muriatic acid, with which TEE IE Ta Ch 
have been directly formed. - 

Lord Dundonald extracts volatile alkali from pit coal; but whether it can be 
aftorded cheaper for the general purpoſes of commerce thay that of the above pro- 
Fes, is not, 1 believe, yet aſcertained. T. 
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The muriat of ammoniac is not ſenfbly changed by expoſure 
to air, but may be kept for an unlimited time without alteration. 
It is very ſaluble in water, fix parts of cold water diſſolving one 
of the ſalt, and a conſiderable degree of cold being produced. 
The cold is much greater when the ſalt is mixed with ice. 
This artificial cold cauſes ſeveral phenomena, which cannot be 
exhibited at pleaſure by any other means, ſuch as the congela- 
tion of water, the cryſtallization of certain ſalts, the fixation of 
evaporable fluids, &c. 

Boiling water diſſolves nearly its own weight of muriat of 
ammoniac z the ſalt cryſtallizes by cooling; but, like other ſalts, 
the heſt cryſtals are obtained by ſpontaneous or inſenſible erapo- 
ration. A very ſaturated ſolution of this ſalt being cloſed in a 
bottle, frequently depoſits, at the end of ſome days, cryſtals in 
the form of a plume of feathers, compoſed of a middle fibre, 
to which a great number of other fibres are joined perpendicu- 
larly; and theſe laſt ſuſtain others which are ſmaller, in ſuch a 
manner, that the whole perfectly reſembles vegetation. I have 
often obſerved this phenomenon 1 in my laboratory . | 

Muriat of ammoniac is not decompoſed by alumine; neither 
does magneſia decompoſe it, but with difficulty, and in part, as 
Bergman obſerves: if a mixture of magneſia and ſolution of 
muriat of ammoniac be put into a bottle, vapours of ammoniac, 
according to the remark of the celebrated chemiſt of Upſal, are 
difengaged at the end of ſome hours. But this diſengagement 
ſoon ceaſes, and the quantity of ſal ammoniac which is decom- 
poſed is very ſinall, 

Lime, and likewiſe barytes, ſeparate the ammoniac from the 
muriatic acid, even in the cold: if this ſalt be triturated with 
nee, the ſtrong ſmell of ammoniacal gas is immediately 


: 2 chemiſt wud know how neceſſary it is to viſit from time to time the 
products preſerved in a laboratory, eſpecially ſaline ſolutions, When curious 
faQs caſually offer themſelves, they ought to be immediately recorded to prevent 
their being loſt, together with the important conſequences to which they often 
lead. I have in very many inſtances obſerved cryſtals formed in this way, where 
none were obtainable by evaporation. It likewiſe happens not unfrequently, on 
opening bottles which have ſtood for ſome time, cryſtals are depoſited, whole ori- 
gin is ſingularly ſavoured by agitation and the contact of air. This note, which 
is ſuperfluous to ſuch as are already in the habit of chemical obſervation, is in- 
ſerted for the uſe of beginners. Nete of the Author. 
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8 MURIAT OF AMMONIAC. 


perceived. When this operation is performed in cloſe hs. 
the ammoniac may be collected. But this operation, not having 


| been accounted for by authors in as accurate a way as the mo- 


dern diſcoveries permit, we ſhall proceed to give a more minute 
deſcription. If newly made quick-lime and very dry muriat of 
ammoniac be heated in a retort, whoſe neck is plunged beneath 
a veſſel of mercury, a large quantity of alkaline gas, or ammo- 
niac, is obtained. This is known to be the cauſe why, in diſtill- 
ing without the pneumato-chemical apparatus, the product ob- 
tained is inconſiderable, at the ſame time that there is great dan- 
ger of burſting the veſſcls. This danger ariſes from the rarifica- 
tion of the ammoniacal gas which is diſengaged. Baume, to pre- 
vent theſe inconveniences, adviſes, that water be put into the re- 
tort. - This fluid abſorbs, indeed, a part of the gas; but as the 
ammoniacal gas is much more volatile than the water, a large 
quantity is always loſt. Chemiſts, who are acquainted with the 
great affinity of ammoniacal gas for water, and its ſingular vola- 
rility, now employ the apparatus of Woulfe with the greateſt ſuc- 
ceſs in the diſtillation of ammoniac. This apparatus, as we 


have before obſerved, conſiſts of a receiver with two necks, one 


adapted to the retort, and the other connected with an empty 
bottle; from which laſt - collateral tubes ifſue, and are inſerted 


through the necks of additional bottles, which have likewiſe col- 
lateral tubes of communication ſimilar to the firſt, for the pur. 


poſe of connecting additional bottles of the ſame kind. The 
mixture of quick-lime and dry muriat of ammoniac in powder 
is put into a ſtone-ware retort, and a gradual heat is cautiouſly 
applied, and increaſed to redneſs, ſo as even to vitrify the bot- 
tom of the retort. The ammoniacal gas diſengaged by the lime, 


paſſes into the receiver and the bottles, and uniting with heat 


to, the water in the latter, ſaturates it, and forms the moſt -high- 
ly cauſtic alkaline ſpirit. By this means no part of the ammo- 
niac is loſt : the product is very pure and white, and the proceſs 
may be conducted to the beſt advantage, without any inconve- 
nience to the operator from the fumes, or danger from the pro- 
bable rupture of the veſſels. The late Bucquet and myſelf have 
aſcertained, that inſtead of three parts, as commonly directed, 

one part and a half of lime is ſufficient to decompoſe one part 
of muriat of ammoniac, Lime flacked in the air decompoſes 
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this ſalt as well as quick-lime ; the reſidue is calcareous marine 
ſalt, which we ſhall” hereafter examine. It is proved by this 
operation, that lime 1 a ſtronger affinity n ammoniac to ms 
muriatic acid.. 

The two fixed alkalis ate muriat- of ammoniac as ; well 
as lime, and diſengage the pure ammoniac in the gafeous form z 
they may be employed with - the ſame ſucceſs as lime; but the 
expence of theſe being much greater than that of the ſalino- ter- 
reftrial ſubſtance, and no greater advantages ariſing from the 
uſe of them than of this lalt, they are never uſed for this purpoſe, 

The ſulphuric and nitric acids ſeparate the muriatic acid from 
this ſalt by ſtronger affinity; and, by uniting with 1 ammo- 
niac, compoſe ſulphat and nitrat of, ammon ia. 


Neutral ſalts have no effect on muriat of ammoniac, Ae | 


only excepted which are formed by the carbonic acid, and two 
fixed alkalis, which decompoſe 'it. A double decompoſition 
takes place in theſe mixtures: while the muriatic acid unites to 


the fixed alkali to form the muriats of potaſh'and ſoda, the car- 


bonic acid being diſengaged, ſeizes the ammoniac, and forms 
vith it carbonat of ammoniac, which ſublimes in cryſtals, ſo as 


to line the interior part of the receiver. To perform this-ope- | 


ration, one part of very dry carbonat of potaſh or ſoda is 
mixed with one part of ſublimed. muriat of ammoniac in po- 
der. The mixture is introduced into à ſtone· ware retort, 
to which a large receiver or cucurbit of glaſs is fitted; and a 
gradual heat being applied till the bottom of the retort becomes 
red hot, a very white cryſtallized ſalt ſublimes, which is the 


carbonat of ammoniac. A ſmall quantity of moiſture likewiſe 


paſſes over; the reſidue is muriat of potaſh or of ſoda, accord- 
ing to the alkali made uſe of. A very conſiderable quantity of 
this ſalt, equal in weight to nearly two-thirds: of the muriat of 
ammoniac made uſe of, is obtained This phenomenon cauſed 


Duhamel to conclude, that ſome of the fixed alkali paſſed over 


it with the volatile alkali. It is eaſy to conceive, ſince this the- 
ory has been explained by modern experiments, that it is to the 
carbonic acid of the fixed alkali, which unites with the ammo- 
niac, that we are to aſcribe the large quantity of ſublimed ſalt 
which-is formed. The concrete volatile alkali has: nevertheleſs, 
till very lately, been eſteemed in a ſtate of purity, and the pro- 
perties of cryſtallizing and of efferveſcing with acids, have been 


- 
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aſſumed as ſpecific characters; while the alkali obtained by lime, 
which is truly the pure volatile alkali, was ſuppoſed to be the 
ſame ſalt altered, and partly decompoſed. Hence we may ſec 
how much the diſcoveries of Dr, Black have elucidated the the- 
ory of ſaline matters: it may even be affirmed, that they have 
created a new theory of chemiſtry. , 

The uſes of muriat of ammoniac are very numerous and ex- 
tenſixe. It is uſed internally, in doſes of a few grains, in ob- 
ſtructions, intermitting feyers, &c. Externally, it acts as a 
powerful antiſeptic in gangrenes, &c. 

It is uſed in a great number of arts, but eſpecially i in the art 
of dying, and in the art of ſoldering or uniting different metals. 
It is employed by braziers to cleanſe the ſurface of copper pre- 
—_ to its being tinned. | | 


© Species IV. Borat of Ammoniac. 


The borat of ammoniac, or the ſaturated combination of bo- 
racic acid with ammoniac, has not yet been examined by any 


chemiſt; but I have myſelf made the following obſervations. 


Very pure boraeic acid being diſſolved in cauſtic volatile al- 


- kali or ammoniac, until the ſaturation appeared complete, was then 


diluted with a ſmall quantity of water, and about half the liquid 


evaporated on a ſand bath; a pellicle of united cryſtals was 


formed, whoſe ſurface exhibited the figure of polyhedral cryſtals. 
Its taſte was penetrating and urinous; it converted ſyrup of vio- 
lets to a green, and gradually loſt its cryſtalline form, and be- 
came brown by expoſure to air. It is moderately ſoluble in wa- 


ter, and lime diſengages the ammoniac. 


Such are the principal properties I have obſerved on a firſt ex- 


amination; but I have not yet made a ſufficient number of ex- 


periments to ſpeak deciſively reſpecting its nature. 
Borat of ammoniac is not applied to any uſe. 


Species V. Fluat of Aramoniac. 


This falt, like the foregoing, has not been accurately exa- 
mined. 
Boulanger agrees with Scheele in ofhrwing that the fluo- 
ric acid, combined with ammoniac, does not cryſtallize, but 
forms a gelly, which affords vapours reſembling thoſe of the mu- 
riatic acid, hen the ſulphuric acid is added. Theſe two che- 
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miſts haye not examined the other properties of this kind of 
ſalt, but their obſervations were ſufficient to enable * wr 
ſtingniſh the fluoric from the muriatic acid. | 


Species | 7 J. Carbonat of Ammoniac. 


We give. the name of carbonat of ammoniac to that which 
was formerly called concrete volatile allali, and is a true neutral 
ſaline combination of the carbonic acid with ammpniac., 

It does not exiſt pure and alone in nature. Moſt animal ſub- 
ſtances afford it by the action of heat. It is likewiſe formed —.— 
the direct union of ammoniac with the carbonic acid, 1/, Either 
by agitating the alkali in the upper part of a vat of fermenting 
liquor: 2d% By paſſing the carbonic acid into volatile alkaline 
ſpirit : or, 3d, By pouring the acid into a veſſel, on the ſides 
of which a few drops of ammoniac diſſolved in water are ſpread': 
4thly, By combining directly over mercury carbonic acid gas and 
ammoniac. Theſe two gaſes immediately unite ; much heat is 
extricated, and a concrete ſalt is formed on the ſides of the veſ- 
ſel in which the mixture is made. In all theſe caſes, cryſtals of 
ammoniacal carbonat are formed. It is likewiſe obtained by 
_ decompoſing ammaniacal muriat, by the addition of ſs 
neutral ſalts, with baſe of potaſh or ſoda. 

It is capable of a regular form, and its. oryſtals a 
polygonal priſms. Bergman deſcribes them as octahedrons, hay- 
ing four of their angles truncated. Rome de Lifle mentions 
groups of cryſtals of this ſalt, in which it had the ferm of ſmall 
flattened tetrahedral cryſtals, terminated at their upper ExtF0r 
mity with a dihedral ſummit. 

Its taſte is urinous, but much leſs ſo than that of pure and 
cauſtic ammoniac ; its ſmell, though ſimilar to this laſt, is like- 
wiſe fainter : it converts ſyrup of violets to a green. We think 
it neceffary to obſerve, with reſpect to this laſt property, that 
| the carbonic acid does not completely deſtroy the properties of 
the alkalis with which it is combined ; and that this is no reaſon 
why the appellation of neutral may not properly be applied to 
alkalis ſaturated with this weak acid. 

Carbonat of ammoniac is very volatile, and the ſmalleſt heat 
ſublimes it entirely, if it be well cryſtallized. The firſt effect 
of heat is that of liquefaction, by means of its water of cryſ- 
tallization, or the. — fuſion, but it riſes immediately after, 
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or nearly at the ſame time ; ſo that it is fearcely poſſible to ob- 
tain this ſalt well eryſtallized, and at the ſame time very dry. 

It is very ſoluble in water, and, like all other neutral ſalts, pro- 
duces cold; a property ſo eontrary to that of pure ammoniac, as 
to afford an additional argument for ranking it among the neutral 
ſalts. Two parts of cold water diſſolve more thats one of car- 
bonat of ammoniac; hot water diſſolves. more than its own weight; 
but as this ſalt is diſſipated by the heat of / boiling water, the me- 
thod of cryſtallizing 15 heat cannot be mou without ee the 
loſs of a great pa 
It ſlowly attracts Alder 0 the air, ee when it is 
not entirely ſaturated with carbonic acid. 

The ſilicious and aluminous earths have no more ation on 


this than on other ammoniacal ſalts : magneſia decompoſes it ve- 
ry weakly ; lime decompoſes it by ſeizing its acid, with which it 


has a ſtrong affinity. If lime- water be poured into a ſolution of 
carbonat of ammoniac, a precipitate is immediately formed, and 


A ſtrong ſmell of volatile alkali is perceived. The lime ſeizes the 


carbonic acid, and forms chalk, or calcareous carbonat, which 


falls down, and the ammoniac is diſengaged : quick-lime being 
triturated with carbonat of ammoniac, the ammoniac is immedi- 


ately diſengaged in a gaſeous form. If this mixture be put into a 
retort, the cauſtic ammoniac is obtained, in the ſame manner as 
from muriat of ammoniac, by the ſame intermedium; the appa- 
ratus of Woulfe being uſed. This fact proves, that lime has a 
ſtronger affinity than ammoniac with the carbonic acid: and 


other facts prove the ſame thing with regard to other acids. 


The fixed alkalis decompoſe carbonat of ammoniac in the ſame 


manner as lime, by n rb the = ammoniac, 5. A We 


with its acid. 

LTaſfiy, The ſulphuric, nitric, ITY and fluoric acids, — 
a ; ſtronger affinity than the carbonic acid to ammoniac: when 
one of theſe acids is poured on the carbonat of ammoniac, a 
ſtrong efferveſcence ariſes from the diſengagement of the carbo- 
nic acid. If this decompoſition be made in a tall ſlender veſſel, 
the preſence of the carbonic acid gas may be obſerved by the ex- 
tinction of a lighted candle, the reddening of the tincture of 


turnſole, or the precipitation of lime-water immerſed in a ſinall 


cup below its orifice. ' Theſe decompoſitions of the carbonat of 
ammobiac by lime and fixed alkalis, which feize its acid and'ſe- 
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parate the ammoniac, and by acids which ſeize the alkali and diſ- 
engage the carbonic acid, clearly ſnow the nature of this ſalt. 
Bergman has found, by accurate experiments, that a centenary of 
this ſalt contains forty-three parts of ammoniac, forty-five parts 
of carbonic acid, and twelve of water. From the conſideration 
that this ſalt contains a larger proportion of acid than carbonat 
of ſoda, and this laſt a larger quantity than carbonat of potaſh, he 
concluded, that the weaker the alkaline baſe, the more carbonic 
acid will be required for its ſaturation. . The acid of borax-does 
not decompoſe the carbonat of ammoniac in the cold; but when 
the latter is poured on a hot ſolution of boracic acid, a very ſen- 
ſible efferveſcence is produced, and the diſengagement of carbo- 
nic acid is ſhown by the uſual methods; a true borat of ammo- 
niac being alſo found at the bottom of the veſſel. This experi- 
ment, which I have frequently proves, that heat modi- 
fies or changes the lows af affinity, or eleCtive amen 
man has obſerve. 

The ebene enchbatce ke bnd A 
ſalts. We ſhall ſee that it decompoſes neutral calcareous ſalts, 
by the way'of double affinity, which the pure and cauſtic am- 
moniac cannot effect. The valuable diſcoveries of Black explain 
why. chemiſts were miſtaken in affirming, that ammoniac has A 
* affinity than calcareous earths with acids. awo. 

The carbonat of ammoniac is employed in medicine as a ſudo- 
rife, anti-byſteric, &c. It is mixed with certain aromatic mat, 
ters. It has been conſidered as a ſpecific againſt the bite of vis 
pers; but the Abbe Fontana, with great reaſon, combats this opi- 
nion. Many have adviſed the uſe of the carbonat of ammoniac, 
or concrete volatile alkali, as a remedy 1n venereal diſorders ; ex- 
perience, h6wever,' has not yet decided on this head. All the 
| knowledge the art of medicine [poſſeſſes with regard to this falt 
is, that it is purgative, opening, diuretic, diaphoretic, diſcuflive, 
and that it has a good effect in ſuch diſorders as depend on the 
denſity of the lymph; as certain venereal caſes, coagulations of 
milk, ſcrophulous diſorders, &c. It is adminiſtered in doſes of a 


few grains, in a proper vehicle, or compounded with opium, 
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CHAPTER Vin. 
Gru III. Calcareous Neutral Salts. , | 
Species J. Sulphat of Lime, Selenite, 8 


Tur combination of the fubplivrie acid with lime, dught to /be 


| denominated calcareous ſulphat; it is termed /Henire, plate, or 


gypſum. This ſalt exiſts in large quantities in nature; it often 
forms immenſe tracts, or beds, as may be obſerved at Mont- 
martre, near Paris. The mountains of this diſtri@ are entirely, 
filled with beds of ſelenite; or plaſter covered with à kind of ar. 
gillaceous marl, which almoſt always accompanies itt. 
Naturaliſts have long confidered this ſalt as an earthy ſabſtanicez 
on account of its want of taſte aud ſolubility ; it is diſtinguiſhed 
into many varieties, on account of the diverſity of its forms and 


ſtate of purity ; the principal are here enumerated. 


1. Sulphat of lime, or, Selenite in rhomboidal laminæ :- 

2. Julphat of lime, or, Cuneiform ſelenite, or of the figute of | 
arrow-heads. | 
. It conſiſts of two-Icalene triangles, joined in the middle, each 
being compoſed of triangular laminee; accordimg to the obſerva- 
tion of De la Hire. It is called /apis fpeeularir, afſir mirror, or 
ralc of Montmartre; Theſe two firſt varieties are fragments of 
large cryſtals, and are formed by the hand of man. TREF rs 


mentioned here only as being ſpecimens for the cabinet. 


3. Sulphat of lime, or, Selenite in decahedral „ 

The quarries of Paſſy afford this ſort. | 

4- Sulphat of lime, or, Selenite in decahedral priſms. 

It is formed of hexahedral priſms, terminated by dihedral py- 
ramids, or by a concave angle; it is found in Switzerland, &c. 
and reſemble much the preceding variety. 

5. Sulphat of lime, or, Selenite in cock's combs from Mont- 
martre. 2 n 

It conſiſts of a collection of ſmall lenticular cryſtals, placed 
obliquely beſide each other, and is formed by the union of the 
cryſtals deſcribed No. 2. 

6. Sulphat of lime, or, Silky, or ſtriated ſelenite ; filky gypſum 
of China, 


1 
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It is found in Franche-Comté, Angoumois, &c. It is formed 


by the union of lender priſms, which are moſt commonly bril- 
liant, and of the appearance of ſatin. It is very difficult to ob- 
ſerve the rhomboidal lamine, which are found in all the n 
varieties. Þ 
7. Sulphat of lime, or, Common gypſum, or plaſter ſtone. ** 
This ſubſtance is white, more or leſs inclining to grey, inter- 
ſperſed with ſmall brilliant cryſtals, eaſily cut with a knife. It is 
found diſpoſed in ſtrata, and forms moſt of the mountains in the 
vicinity of Paris. We ſhall hereafter find; that it is not pure ſe- 


lenite, but owes its moſt valuable property, as plaſter, to the ad- 


mixture of another kind of earth. 
8. Sulphatof lime, or, Gypſeous alabaſter. 

This is a kind of plaſter ſtone, harder and more ancient 4 
the foregoing, from which it differs only in being ſemi-tranſpa- 


rent, of a yellowiſh grey, and in its laminated form or ſtruture 


apparently conſiſting of ſmall plates. It is found in great plenty 


at Lagny, near Paris. This is one of the whiteſt kinds; but it 


has ſometimes yellow, grey, violet, or black ſpots or veins. 
9. Sulphat of lime, or, Selenite, common gypſum; or gypſeous 


alabaſter — coloured, veined, ſpotted, clouded, or xp | 


ated, 

This ts of * ſhows, that the ſelenite is ä 
by ſome foreign ſubſtance. "The colours are almoſt W occa- 
ſioned by iron. - 

Calcareous ſalphat 1s likewiſe found dlched f in waters, as in 
the well-waters of Paris ; it is never pure, but is always combin- 
ed with ſome other earthy ſalt, with baſe of lime or magneſia. 

We have already obſerved that calcareous ſulphat has long 


been taken for an earthy ſubſtance by naturaliſts, on account of 


its poſſeſſing no apparent degree of taſte or ſolubility; it has ne- 
vertheleſs a pecuhar taſte, which it communicates to water, and 
which is very ſenſible on the ſtomach. Selenitical waters occa- 
ſion a very evident ſenſation of cold and weight in the bowels. 
The ſolubility, form, tranſparency, quantity, and eſpecially the 
| diſpobition i in beds or ſtrata of cryſtallized ſelenite, more eſpecial- 
ly in the environs of Paris, ſufficiently ſhow, that it has been ori- 
ginally diſſolved in water, and afterwards depoſited by that fluid. 
Calcareous ſulphat, expoſed to the action of heat, loſes its wa- 
ter of cryſtallization, and decrepitates if the heat be ſuddenly ap- 
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plied; it is then of an opaque white, and friable, in which ſtate 
it is called fine plaſter, or plaſter of Paris, and is capable of aſ- 
ſuming a certain conſiſt ,ce with water. Very white and beau- 
tiful ſtatues of this ſubſtance are caſt in moulds ; but the plaſter 
quickly becoming dry, and retaining but a ſmall proportion of 
water, they are very eaſily broken. If the heat be conſiderably 
raiſed, when the calcareous ſulphat has taken the form of a white 
powder, it fules into a kind of glaſs; but this effect is not pro- 
duced but by a very ſtrong degree of heat, ſuch as is produced 
in the porcelain furnaces, or in the focus of burning lenſes. 
D'Arcet and Macquer ſucceeded in fuſing calcareous iulphat; 
the latter obſerved, that when the cuneiform ſelenite is expoſed 
to the focus of a burning mirror, ſo that the light may fall on its 
poliſhed ſurfaces, it only becomes white: but if the edges be 
preſented, it immediately melts and boils up. It may likewiſe be 
melted by the blow- pipe, and by a ſtream of vital air thrown on 
burning charcgal. 

Calcareous ſulphat placed on a hot iron VERSES phoſphoric; a 
property which js common to all calcareous ſalts, and is likewiſe 
exhibited by lime during. its extinCtion, as we have already re- 

Calcareous ſulphat ſuffers no obvious alteration by contact of 
air; nevertheleſs, the poliſhed and brilliant laminz of this earthy 
neutral ſalt become tarniſhed with the colours of 1 
ſplit or ſcale off, and are at length deſtroyed by the atmoſphere; 
| but theſe phenomena ariſe from the united action of heat, water, 
and air. . weld 

Calcareous ſolphat in Talkie in water, though in a" degree 
ſcarcely ſenſible, according to the chemiſts of Dijon. About five 
hundred parts of water are required to difſolve one of ſelenite. 
Hot water does not diſſolve. a greater quantity. When this ſo- 
lution is evaporated, cryſtals are obtained, not - fimilar to thoſe 
found in nature, but inthe form of ſmall plates or needles, which 
are precipitated in proportion as the liquor evaporates. The la- 
minz afforded by the evaporation of a ſolution of calcareous ſul- 
phat. are often brilliant, and, when minutely examined, are found 
to conſiſt of very ſmall needles united length-ways. * | 
Barytes has more affinity than lime to the ſulphuric acid, and 
decompoſes calcareous ſulphat. If a ſolution of barytes be pour» 


« 
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ed into water, loaded with this ſalt, ſtriz of barytical ſulphat or 
ponderous ſpar are formed. 

The fixed alkalis likewiſe 8 this neutral ſalt: when 
cauſtic fixed alkali is poured into a ſolution of calcareous, ſulphat, 
a white. precipitate, apparently mucilaginous, falls to the bottom 
in flakes, which is found by experiment to be quick-lime. 

If the ſupernatant liquor be evaporated; ſulphat of potaſh or 
ſoda, according to the nature of the [alkali made uſe of, is ob- 
tained, | 

- Ammoniac, which has leſs affinity than lime with every acid, 
does not decompoſe calcareous ſulphat; and no change takes 
place, if the latter be very pure, and the ammoniac perfectly cau- 
ſtic. But if the water in which the calcareous ſulphat is diſſolved 
contains any ſalt with baſe of magneſia, or alumine, as the well 
water of Paris does, ammoniac will occaſion a precipitate. To 
ſucceed in the former experiment, calcareous ſpar mult be diſ- 
ſolved in the pure ſulphuric acid, and the calcareous ſulphat diſ- 
ſolved in diſtilled water; cauſtie ammoniac poured on this ſolu- 
tion, or which is ſtill better, the ammoniacal gas, occaſions no 
precipitate. 

Carbonat of potaſh and calcareous ſulphat mutually 2 
each other; the ſulphuric acid quitting the lime to unite with 
the fixed alkali, and forming carbonic acid, while the ſulphat of 
potaſh unites with the lime, and forms the falt known by the 
name of cha/k, 

Carbonat of ſoda is decompoſed in the fame manner by this 
ſalt, ſulphat of ſoda being formed by the union of the ſulphuric 
acid with the mineral fixed alkali ; at the ſame time that chalk 
is produced by the combination of the lime with the carbonic 
acid, 

The carbonat of ammoniac likewiſe decompoſes calcarequs ful- 
phat by double affinity z while the ſulphuric acid ſeizes the am- 
moniac, the lime combines. with the carbonic acid, to which it 
has a ſtrong affinity, and forms chalk. | | 

This decompoſition, whoſe cauſe is ſo well knows Gage the 
diſcoveries of the celebrated Dr. Black, is ſo evident, that if a 
mixture of the ſolution of calcareous ſulphat with cauſtic ammo- 
niac be left for ſome time expoſed to the air, it loſes its original 
tranſparency, and becomes remarkably cloudy at its ſurface, by 
reaſon of the carbonic acid precipitated from the nn 
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18 OO SULPHAT OP LIME, 
which cauſes a double affinity to take place; and the ſame phe- 


nomenon is produced by paſſing a few bubbles of this acid gas 


through the liquor. As the concrete volatile alkali, or carbonat 
of ammoniac was formerly thought to be the pure volatile alkali, 
Geoffroy, from the precipitation of calcareous ſulphat by this ſalt, 
concluded that the affinity of ammoniac is greater than that of 
lime to the ſulphuric acid. 

Calcareous ſulphat is decompoſed by a great number of com- 
buſtible matters, by the aſſiſtance of heat. The charcoal of ve- 
gettble ſubſtances deprives the ſulphuric acid of the oxygene, to 
which it has a greater affinity than ſulphur has. Carbonic acid 
is diſengaged in this decompoſition, and the ſulphur, ſeparated 
from the ſulpharic acid, unites to the lime, and forms the ſub- 
ſtance called calcareous hepar ; but which we ſhall hereafter diſ- 
tinguiſh by the name of ſulphure of lime. 

Varieties of calcareous ſulphat in a cryſtalline form, are care- 
fully preſerved in cabinets of natural hiſtory. When calcined, it 


is uſed to caſt ſtatues, models, &c. Several elegant pieces of or- 


namental furniture are made of the gypſeous alabaſter, cut and 
poliſhed. The fine ſpecimens of Lagny are employed for this 


purpoſe. 
Plaſter-ſtone is one of the moſt uſeful articles produced in the 


mineral kingdom. It conſiſts of a mixture of calcareous ſulphat 


and chalk; when it is expoſed to the action of heat, the calca- 
reous ſulphat loſes its water of cryſtallization, and the chalk its 
acid: burned plaſter is therefore a mixture of lime and calcare- 
ous ſulphat deprived of water; conſequently, when water is 


| poured on this ſubſtance, it is very rapidly abſorbed by the lime, 


and heat is produced. The fœtid ſmell which attends the ex- 
tinction of plaſter, ariſes from a ſmall quantity of ſulphur form- 
ed by the ſulphuric acid, which is decompoſed by the carbona- 
ceous animal or vegetable ſubſtances caſually exiſting in the plaſ- 
ter-ſtone ; the ſulphur diſſolved by the lime forms a kind of al- 
phure from which the ſmell proceeds, When the lime has ab- 
ſorbed a ſufficient quantity of water to form a paſte, the calcare- 
dus ſulphat ſeizes a portion of the fluid, and the whole maſs 
cryſtallizes ſuddenly, and at the ſame time becomes ſolid. The 
lime gradually dries, and together with the cryſtals of calcareous 
fulphat forms the kind of mortar called plaſter. From this theo- 
ry it is ſeen, why plaſter ought not to be burned beyond a cer- 


+ 


„ 


tain point. If it be ſhort of this, the lime will not be ſuſficient- 


Iy deprived of cretaceous acid to unite well with water ; if it ex- 


ceed, the lime, together with, the calcareous ſulphat, forms a 
kind of vitreaus fris, incapable of uniting with water. 

We may likewiſe obſerve that plaſter, by long expoſure to air, 
loſes its goodneſs by the lime becoming flaked, and that its origi- 
nal properties may be reſtored by a ſecond calcination. Laſtly, 
We may with. equal facility account for the preſervation of this 
ſubſtance in dry and warm ſituations, and its deſtruction or ſcal- 
ing off in moiſt places. In the latter gaſe, the calcareous ſulphat 
boing ſoluble in water, loſes by degrees its cryſtalline form ang 
conſiſtence; and this ſplubility conſtitutes the chief difference 
between plaſter and mortar; the ſand in this laſt, which gives 
ſolidity, not being attacked by water. Plaſter is not, on this ac- 
count, uſed in humid or moiſt places, or in e 
. water, as reſervoirs, &c *. 


Species II. Calcareous Nitrat. 


| Calcareous nitrat, or the ſalt produced by the combination of 
the nitric acid with lime, is much leſs abundant than calcareous 
ſulphat or ſelenite. It is only found in ſuch places as afford the 
nitre with baſe of alkali. It is formed on the fides of walls in 
places inhabited by animals, in putrefied animal matters, and in 
certain mineral waters; but as it is very foluble in water, and 
even deliqueſcent, it is diſſolved even almoſt as ſoon as formed. 
The ſame property is the cauſe why it is retained in large quan- 
tities in the mother-water of the ſaltpetre- makers. 

When regularly cryſtallized, it has the form of a, ſix-lided 
priſm, conſiderably reſembling nitrat of | potaſh, and terminated 
by dibedral pyramids. It is not often obtained in this regular 
form, but is moſt commonly in that of ſmall peedles Wbering 
together, whoſe form cannot be determined. 

This ſalt has a bitter and diſagreeable taſte, in which 8 
it differs greatly from calcareous ſulphat; its taſte in nder 599], 
Jike nitrat of potaſh. 

It gably melts by heat, and becomes ſolid on cooking 5 if it 4 

carrigd into the dark, after being thus heated, it apparꝭ lumi- 

nous, and in this ſtate conſtitutes the phoſphorus of Bald win; it 

exhibits the ſame phenomenon when laid on a hot iron. Qu ig- 

Nited coals it melts and detonates fcebly, in proportion as it -be- 
Bij 
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comes dry. Calcareous nitrat kept hot · for a long time loſes its 
acid, which is decompoſed. When this operation is performed 
in a retort, whoſe neck is plunged under an inverted veſſel filled 
with water, vital air is obtained, and towards the end ſome azotic 
gas. The reſidue conſiſts of lime united to a certain quantity of 
nitric acid, if the fire has been not continued for a ſufficient 
time; or ſufficiently intenſe ;' but a very powerful degree of heat 
will at laſt entirely 4ebthipole the nitric acid, and leave the 


baſe in the form of quick-lime. This decompoſition i is abſolutely 


fimilar to that which the acid experiences in the diſtillation of ni- 
trat of potaſh, and has been explained in the hiſtory of that alt. 


Calcareous nitrat quickly attracts the moiſture of the air, and 
for that reaſon it is neceſſary to keep the cryſtals of this ſalt in 


well cloſed veſſels, which muſt not be opened too frequently. 
It is very ſoluble in water, two parts of cold, or leſs than one 


part of boiling water, being ſuſficient to hold it in ſolution. To 


obtain it in a cryſtalline form, its ſolution muſt be evaporated 


nearly to the conſiſtence of ſyrup, and expoſed in a cool place. 


The ctyſtals formed by this means are very long priſms, com- 


monly diverging from one centre. When a ſolution of calcare- 
ous nitrat, leſs evaporated than the foregoing, is expoſed to a dry 


and hot air, priſms are formed in proceſs of time, which are more 


regular, and are ſimilar to thoſe deſeribed at the beginning of 


this article. 

Sand and cf Wr calcareous nitrat, and ſeparate — 
acid. 

Barytes, according to Bevgniaii, mesa this ſalt as it does 


calcareous ſulphat; but magneſia produces no ſenſible alteration 
in it. Morveau has obſerved that lime-water, poured into a 
ſolution of calcareous nitrat, occaſions a precipitate. He attri- 
utes it to the phlogiſton of quick-lime, and he thinks that this 


laſt has a ſtronger affinity with the nitrous acid than the lime to 
which it is united has, and which he fuppoſes to have been al- 


p ready robbed of its phlogiſton by the acid. It is unfortunate that 


this chemiſt did not examine the precipitate, which might pro- 


bably have afforded ſome explanation of this ſingular experiment. 
- Baume had before obſerved, that a ſolution of calcareous 
ſpar in the nitrous acid is precipitated by lime · water; but he at- 
tributed this phenomenon to à ſmall quantity of argillaceous 
earth contained in the ſpar. This effect depends either on a 
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ſmall quantity of magneſia, or the avidity of the calcareous nitre 
for water, which it takes from the lime. | 
Fixed alkalis ſeize the nitric acid of calcaz-ong nitrat, and pre- 
cipitate the lime. Very pure ammoniac does not decompoſe this 
ſalt, nor any other with a calcareous baſe. 

The ſulphuric acid diſengages the nitric acid with efferveſcence, 
which may: be obtained in the ſame manner as from common 
nitre. Sulphuric acid poured on a ſolution of calcareous nitrat 
immediately produces a precipitate of ſulphat of lime, and the 
nitric acid remains diſengaged in the liquid. The action of other 
acids on this ſalt is not known. 

Calcareous nitrat decompoſes the alkaline ſulphuric neu- 
tral ſalts; ſulphat of lime, and nitrat of potaſh and ſoda, 
being formed. The ſulphat of ammoniac is likewiſe decom- 
poled; and nitrat of ammoniac, together with ſulphat of lime, 
are produced: the latter, which, being ſcarcely ſoluble, is pre- 
cipitated at the inſtant of mixture, leaves no doubt with regard 

to the nature of theſe double decompoſitions. 

Carbonat of potaſh and calcareous nitrat mutually decompoſe 
each other, nitrat of potaſh remaining in the ſolution, and chalk 
being precipitated, 

Carbonat of ſoda and calcareous nitrat in the ſame manner 
afford nitrat of ſoda .in ſolution, and a precipitate of calcareous 
carbonat or chalk. 

Sulphat of lime does not produce any change in calcareous 
nitrat; but when theſe two ſalts are diſſolved in the ſame water, 
they may be eaſily ſeparated ; for the firſt being very ſparingly 
ſoluble, and the latter eminently ſo, the ſulphat of lime. is pre- 
cipitated by evaporation, and the calcareous nitrat does not cryſ- 
tallize till great part of the fluid has been driven off, and the 
reſidue ſet to cool. 

Calcareous nitrat is not applied to any uſe ; it might be employ- 
ed in medicine as a very active ſolvent, and ſome chemical phy- 


ſicians affirm, that its application has been attended with ſue- 
ceſs 8, | 


Species III. Calcareous Murat. 


The calcareous muriat, formed by the combination of the muri- 
atic acid and lime, and which was tormerly very improperly named 
fixed ſal ammoniac, oil of lime, &. is abundantly found in all places 
B 1 
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that abound with muriat of ſoda, and eſpecially im the waters of the 
ſea; where it produces that acrid and bitter taſte, which formerly 
cauſed it to be ſuppoſed to contain bitumen. It is never pure in 
the ſea, but always mixed with muriat of magneſia: if it be 
deſired in a ſtate of great purity, muriatie acid muſt be directly 
combined to ſaturation with lime. 

Calcareous muriat, in its dry and ſolid ſtate, has the form of 
four-6ded priſms, ſtriated and terminated with very acute pyra- 
mids. It has a very diſagteeable bitter ſaline taſte. When ex- 
poſed to the action of a mild heat it is liquified by means of its 
— | water of cryſtallization, and becomes ſolid again when cold; 
— | a ſtronger heat ſcarcely alters it. Mr. Bautne has obſerved, 
4 5 that it does not part with its acid : it becomes luminous on a red 
1 | hot ſhovel, for which reaſon it is called Homberg's phoſphorus. 
' The calcareous muriat which remains in the retort after the 
1 decompoſition of muriat of ammoniac by lime, and is called 

3 fixed ſal ammoniac, melts into a kind of frit of a light ſlate grey, 
1 and does not afford muriatic acid, though the heat be raiſed ſo 

| as even fo vitrify the ſurface of the retort. "This frit gives fire 
with . and when rubbed in the dark with the Reel, it e 4 
phoſphoric light. 

It muſt be obſerved, that this ſaline reſidue commonly con- 
tains a larger portion of lime than is neceſſary for the complete 
ſaturation of the muriatic acid; becauſe more lime is uſually 
employed than is necefſary to decompoſe the muriat of ammo- 
| niac. It is doubtleſs from this ſuperabundant lime, that the re- 
ſidue acquires the property of affording a hard vitreous frit ; 
| a which however becomes moiſt in proceſs of time when expoſed 
to the air. The calcareous muriat, without exceſs of lime, ne- 
ver becomes ſo hard by the action of fire as this reſidue, neither 
'has it the ſame phoſphoric quality. 

Pure calcareous muriat expoſed to the air attracts humidity, 
and liquifies. The cryſtalline form cannot, therefore, be pre- 
| ſerved, but in well cloſed veſſels. 

This falt is very ſoluble in water ; one part and a half of cold, 
or leſs than an equal part of hot water, being ſufficient to diſ- 
ſolve it. When by eraporation the liquid is brought nearly to 
the conſiſtence of ſyrup, and afterwards ſuffered to cool gra- 
dually, priſmatic tetrahedral cryſtals are obtained ſeveral inches 
in length, diſpoſed in radii ifluing from a common centre; a 
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figure which we may obſerve is common to moſt calareous ſalts. 
If the liquor be tos far evaporated, or if it be cooled too quickly, | 
the ſaline maſs is irregularly formed, with the appearance of 
needles at its ſurface. 

A ſolution of calcareous muriat evaporated till it exhibits forty- 
five degrees of Baume's areometer, and expoſed in a bottle to 
the cold, affords very regular priſms, frequently of conſiderable 
magnitude. Sometimes, when the cryſtallization has not taken 
place, and the bottle is agitated, the maſs ſuddenly becomes ſolid 
throughout, much heat being at the ſame time diſengaged. * 

Barytes decompoſes calcareous muriat, by its greater affinity 
to the acid, according to the experiment of Bergman. Lime 
and magneſia do not change it. 

Fixed alkalis precipitate lime: if the two fluids be concen- 
trated, the lime abſorbs the ſmall quantity. of water they con- 
tain, and immediately farms a jelly, which ſoon becomes ſolid. 
This experiment has been called miraculum chemicum, becauſe it 
exhibits a combination of two fluids ſuddenly become ſolid. It 
does not, however, ſucceed yell but with carbonats of potaſh 
and ſoda the pace alkells procipltating the Hove 5h On GE 
ſtate. - 

Very pure ammoniac does not decompoſe calcareous muriat, 
becauſe its affinity is leſs than that of lime to the muriatic acid. 
This order of affinity is likewiſe proved from the complete de- 
compoſition of muriat of ammoniac by the ſame ſalino- terreſtrial 
ſubſtances. 

The ſulphuric and nitric acids diſengage the muriatic acid 
from this ſalt with efferyeſcence, and the acid may be obtained 
by diſtillation in the ſame manner as from muriat of ſoda, 
When the nitric acid is uſed, nitro-muriatic acid, or aqua regia, 
is produced, on account of the volatility of. both acids. 

Calcareous muriat decompoſes the ſulphats of potaſh and ſoda. 
It is eaſy to aſcertain this fact, by mixing ſolutions of theſe ſalts 
together. A precipitate is immediately formed, which is found 
to be ſulphat of lime. The fluid contains either muriat of ſoda 
or potaſh, which may be obtained by evaporation, and is diſtin- 
guiſhable by the taſte. 

The carbonats of potaſh and ſoda likewiſe decompoſe the cal- 
careous muriat. In theſe mixtures the decompoſitions are made 
by double affinity : the muriatic acid of the latter ſatt ſeizes the 
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potaſh of ſoda, with _ it forms the muriat of potaſh or ſoda, 
which remains diſſolv e liquor; while the carbonic acid 
quits the alkali, and uniting with the lime, forms chalk, or the 
carbonat of lime which is precipitated. 

If the carbonat of potaſh or ſoda be diſſolved in a ſmall quanti- 
ty of water, and the ſolution of muriat of lime be alſo made very 
ſtrong, the mixture becomes thick and gelatinous. It afterwards 
hardens like a faCtitious ſtone, when the ingredients are accurate - 
ly proportioned to each other. The chemiſts who firſt * 
this mixture, called it the Chemical Miracle. 

The carbonat of ammoniac decompoſes calcareous muriat by 
double affinity, in the ſame manner as has been thown with 
reſpect to calcareous ſulphat and nitrat. The ammoniac unites 
with the muriatic acid, and forms muriat of ammoniac, which 
remains diſſolved in the liquor, while the carbonic acid forms a 
precipitate of chalk by combining with the lime ®. 

When the calcareous muriat is diſſolved in water together with 


calcareous nitrat, it is difficult to ſeparate them; becauſe the law 


of cryſtallization is the ſame in both; but if ſulphat of lime 
exiſts in the ſolution inſtead of one of the two ſalts, the ſepara- 
tion will be eaſily made, becauſe this laſt cryſtallizes by evapora- 
tion, and the calcareous muriat cryſtallizes by cooling : as theſe 
falts are frequently found diſſolved in the ſame acid, it is of con- 
ſequence to attend to theſe properties: 

Calcareous muriat is of no uſe. As it exiſts in conſiderable 
quantities in the / de gabelle which is recommended as a purge 
in ſcrophulous diſorders, it may be ſuſpected that a part of its 
properties depend on the latter ſalt. We think it neceſſary to 


add, that the ſtrong taſte and great ſolubility of calcareous mu- 


riat promiſe very uſeful effects in diſorders where a folvent is 
wanting. It is much to be wiſhed that phyſicians were acquaint- 


ed with the properties, and availed themſelves of the uſe of this 


falt, in thoſe numerous caſes where the uſual ſolvents are fre- 
quently - ineffectual, and more eſpecially in thoſe caſes wherein 
mercurial remedies cannot be uſed. I have collected together all 
that experience has already taught us concerning the virtues of 
this ſaline ſolvent, in a memoir, inſerted among thoſe of the 
Royal Society of W for the years 1782 aud 783. 
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Species IV. > Calcareous Borat. 


The combination of the /edative or boracic acid with lime may 
be diſtinguiſhed by this appellation. This ſalt has not been exa- 
mined, though it is certain «that the boracic acid is capable of 
uniting with lime, becauſe the latter decompoſes borat of ſoda, 
as we have obſerved. The chemiſts of the academy of Dijon 
have obſerved, that concrete boracic acid, heated with flaked 
lime, afforded a ſubſtance whoſe parts adhered weakly to each 

other, and not at all to the crucible. This matter, when thrown 
into water, did not exhibit the ſame phenomena as lime, which 
ſhows that a true combination took place. Baume affirms, 
that having ſaturated lime-water with ſedative ſalt, and expoled 
the ſolution to ſpontaneous evaporation, no cryſtals were obtain» 
ed, but yellowiſh pellicles, having a flight taſte of boracic acid. 

Laſtly, The academicians of Dijon digeſted on a ſand bath a ſa- 
turated ſolution of this acid with flaked lime. The filtzated li- 
quid afforded a plentiful white precipitate, on the addition of fixed 
alkali. Theſe experiments, indeed, prove that lime is ſoluble in 
the acid of borax, but they ſhow nothing concerning the pro- 
perties of the neutral ſalt reſulting from their combination. 


Species V. Fluor Spar, or Calcareous Fluat, 


This ſpecies of ſalt is a combination of the fluoric acid with 
lime, and abounds in nature ; it is more eſpecially found in the 
neighbourhood of mines, whoſe exiſtence it indicates. It has 
been hitherto regarded as a ſtony matter, from its inſipidity, hard- 
neſs, and inſolubility. It is called fpar, becauſe it has the ſparry 
form and fracture; uor, or figſible, becauſe it melts very readily, 
and is ſucceſsfully employed in mineral operations; and vitreous, 
becauſe it has the appearance of glaſs, and may be fuſed into 
glaſs of no contemptible appearance; cubic, becauſe it always 
has that form; and, laſtly, phyſphoric, becauſe, when heated 
and carried into the dark, it appears luminous. Before the diſ- 
covery of Scheele, the vitreous ſpar, though well diſtinguiſh- 
ed from all other mineral matters by workmen, on account of its 
fuſibility, was confounded by naturaliſts, either with gypſums, 
_ calcareous ſpars, or ponderous ſpars, which have likewiſe been 
called fu/ible. The celebrated Margraaf nevertheleſs diſtinguiſhed 
this ſalt from the ponderous ſpar, by adopting the name of fuſible 
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vitreous ſpar for the firſt, and fuſible phoſphoric ſpar for the ſe- 
cond. It is to this chemiſt that we are indebted for the firſt 
diſcoveries relating to the properties of calcareous fluat. | 
This ſalt is commonly cryſtallized in cubes, of various colours, 
very regular, of an icy or vitreous tranſparency j its fracture is 
ſparry, and it is eaſily broken. It often ſerves as the matrix or 
bed of ores. It is ſometimes found in irregular opaque maſſes 
its weight is more conſiderable than that of any ſaline matters we 
| hare yet ſpoken of; it is often clouded, veined, ſpotted, and fre- 
quently tinged throughout with green, violet, red, roſe colour, 
c. Ten principal varieties of this ſubſtance may be diſtin- 
guiſhed. 

Varieties —1. Calcareous fluaty or cubic vitreous four, tranſpa- 
rent and colourleſs. 

2, Calcareous fluat, or cubic vitreous ſpar, opaque white. 

3- Calcareous fluat, or cubic vitreous ſpar, yellow : falſe 
topaz. * 

4. Calcareous fluat, or cubic vitreous ſpar, reddiſh : falſe ruby. 

5. Calcareous fluat, or cubic vitreous ſpar, pale green: falſe 


aqua- marine. 

6. Calcareous fluat, or cubic vitreous ſpar, green: falſe eme- 
rald. : 

7. Calcareous fluat, or cubic vitreous ſpar, violet: falſe ame- 
thyſt. 

8. Calcareous fluat, or octahedral vitreous ſpar, with NINO 
pyramids. 

I am in poſſeſſion of a cryſtal of this kind, which is ſemi-trand. 
parent, and rather blackiſh. 


9. Calcareous fluat, or vitreous ſpar, in irrregular maſſes. 

It is almoſt always of a clear green or violet. It forms the 
gangue of ſeveral ores. 

10. Calcareous fluat, or vitreous ſpar, in layers of different 
. thickneſs, and of various colours. 

Theſe different varieties of calcareous fluat, conſiſt, for the 
molt part, of one and the ſame ſaline ſubſtance ; that is to ſay, 
the combination of the fluoric acid with lime; the natural ſpeci- 
mens, however, are uſually found by analyſis to contain ſeveral 
foreign matters, as quartz, clay, and iron, as almoſt all natural 
products do. England abounds in calcareous fluat. 

This earthy ſalt, expoſcd to a gentle heat, emits a very evi- 
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dent phoſphoric light; but if it be heated to redneſs, it entirely 
loſes this property; and if the ſpar be of a green or violet eolour, 
it becomes white and friable : when ſuddenly heated, it decrepi- 
tates almoſt as ſtrongly as muriat of ſoda. When powder of fluat 
of lime is thrown on a hot iron, a bluiſh or violet light is per- 
ceived, which quickly vaniſhes, and cannot be produced again 
by the ſame ſpar. - | 
A ſtrong heat fuſes vitreous ſpar into an uniform tranſparent 
glaſs, adhering to the crucible. Calcareous fluat fuſes the one 
fourth of its weight of rams and is for that reaſon "ous | 
as a flux in ſmelting. 

Calcareous fluat is not altered in the air, nor ſoluble in water. 
Pure fixed alkalis do not decompoſe it, becauſe, according to 
Bergman, lime has a ſtronger affinity than thoſe ſalts to its acid. 

Concentrated ſulphuric acid diſengages the fluoric acid, and is 
commonly the medium uſed for that purpoſe. One part of cal- 
careous fluat, in powder, is put into a retort, with three parts of 
ſulphuric acid; the mixture gradually becomes hot; an efferveſ- 
cence takes place; and vapours of fluoric acid are diſengaged. 
This diftillation commences without the external application of 
heat; and a white ſubſtance, reſembling an effloreſcence, ſub- 
limes into the receiver. Heat being then applied, the concen- 
trated fluoric acid comes over, covered with a thick earthy pel- 
licle, ſimilar to the white effloreſcence we have mentioned; while 
the acid falls drop by drop into the water in the receiver. 'This 
acid may be obtained in the form of gas, while the neck of the 
retort is plunged beneath an inverted veſſel of mercury. The 
aeriform acid is tranſparent, and does not depoſit the earth to 
which it is united, until it is brought in contact with the water. 
Hence it may be conceived why the liquid fluoric acid depoſits 
ſtony incruſtations in the receiver; for it cannot hold them in 
ſolution when it comes in contact with the water. We have 
before obſerved, that this earth, which is of a filicious nature, 
is taken up by the corroſion of the glaſs veſſel, and is not pro- 
duced by the combination of the acid with water, as Scheele 
originally thought. When the diſtillation is finiſhed, the reſidue 
is obſerved to be hard, white; or reddiſh, and laminated, and the 
retort 1s very ſenſibly corroded. This obſervation did not eſcape 
Margraaf. When the nature of the reſidue is examined by dif- 
ferent methods, it is found to conſiſt of ealcareous ſulphat mixed 
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with a ſmall quantity of ſilex, frequently alumine5-and a little 
magneſia. 'Thoſe two laſt ſubſtances, as well as iron, ſeem to 
be only accidental in calcareous fluat. The cruſt depoſited by 
the fluoric acid, is of a filicious nature, is neither fuſible nor ſo- 
luble in acids, and forms a white and durable glaſs with fixed 
alkalis. Theſe facts ſhow, that it is impoſſible to diſtil a large 
quantity of this acid at once. I have ſeveral times attempted to . 
decompoſe a pound of calcareous fluat, but never found the re- 
tort capable of withſtanding the corroſive acid. 

The nitric acid decompoſes calcareous fluat, but with very dif- 
ferent phenomena from thoſe which attend the ſulphuric acid, 
no cruſt being obſerved in this operation, according to Boulan- 
ger: this experiment has not been repeated and examined. 

I be muriatic acid likewiſe ſeparates the fluoric, according to 
Scheele; but he has not deſcribed the phenomena which attend 
this decompoſition. 

The action of moſt neutral ſalts on calcareous fluat is not 
known; the carbonats of potaſh and ſoda decompoſe it by dou- 
ble affinity, which the pure alkalis cannot effect. One part of 
this fluat being fuſed with four parts of carbonat of potaſh, and 
poured hot into water, a precipitate of chalk, formed by the car- 
bonic acid united to the lime of the calcareous fluat, is obtained; 
and the fluid holds in ſolution fluat of potaſh, which may be ob- 
tained, by evaporation, in the form of a jelly. When the expe- 
riment is repeated with carbonat of ſoda, chalk and fluat of ſoda 
are in like manner obtained. 

Calcareous fluat is of no uſe excepting in ſome mineral coun- 
tries, where it is uſed as a very good flux. It might be applied 
to the ſame purpoſe in aſſays. 


Species V1. Carbonat of Lime or Chalk ; Calcareous Matters in 
; general. 


Calcareous ſpar, marble, chalk, and every calcareous ſubſtance, 
is a neutral ſalt, formed by the union of carbonic acid with lime. 
It is therefore termed carbonat of lime, or calcareous carbonat. 
This ſubſtance has been arranged among ſtones by naturaliſts, . 
becauſe they did not perceive that it has any ſaline properties. 
We ſhall, however, find that it has a kind of 'taſte, is ſoluble in 
water, and in its analyſis affords a large quantity of carbonic 
acid, and the ſalino- terreſtrial ſubſtance already deſcribed under 
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the name of lime. As calcareous ſpar is the laſt modification of 
a ſubſtance which exiſts in a great variety of forms, and paſſes 
through many ſtates before it is regularly cryſtallized, it is neceſ- 
ſary to conſider calcareous or cretaceous ſubſtances in general *. 
No part of natural hiſtory exhibits a more extended field for 
the imagination to trace, or a more complete ſeries of well-efta= 
bliſhed facts, than that which relates to calcareous bodies. Long 
continued obſeryation, which has in no inſtance failed, together 
with the facts which ſhow the ſucceſſive operations of nature in 
this reſpect, have proved, that the bed of the ocean is the great 
laboratory in which theſe matters are continually formed. Among 
the great number of animals which inhabit thoſe immenſe maſſes 
of water, there are ſeveral clafſes whoſe individuals, infinite in 
number, ſeem deftined to add to the maſs of our globe: ſuch ate 
the ſhell-fiſh, madrepores, and lithopites, whoſe ſolid parts, exa- 
mined by chemical analyſis ſome time after they have ceaſed to 
live, exhibit all the characters of calcareous ſubſtances, It is the 
baſe of this kind of marine ſkeletons which produces, by their 


ſucceſſive aggregation, mountains entirely formed of theſe mat- 


ters. Though the cryſtallization of calcareous ſpar is very far 


from reſembling the natural ſoft ſtate of theſe animals when liv- 


ing ; and though it is difficult at firſt to eſtimate the aſtoniſhing 
difference between the ſoft and pulpy ſubſtance of the living ani- 

mal, and the hardneſs of the ſtony ſubſtances which are formed 
in proceſs of time, and calculated to give ſolidity to the largeſt 
edifices, it is nevertheleſs poſſible to form an idea of the grada- 
tions through which the one muſt paſs before it aſſumes the ſtate 
and properties of the other. The following ſketch will exhibit 
theſe gradations, from the time of the action of the animal or- 


nnn to that of the * e en e- = which _ 
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* The ſubſtances uſually called ca/careous in natural hiſtory, ought, in my opi- 
nion, to be called zretaceous ; this laſt term denoting the faline neutral combina» 
tion formed by the union of lime and carbonic acid; that is to ſay, chalk, creta. 
Ihe ſecond property belongs to the lime, ca/x, which forms the baſe of this ſalt. 
The expreſſion calcareous earth, or calcareous matter, ought therefore to be appropri- 
ated to quick · lime; and the term cretaceous, or chally matter, will diſtinguiſh the 
combination of lime with the acid of chalk; but it is not to be expected that theſe 
two expreſſions, which have always been ſynonymous, ſhould be ſpeedily adopted, 
though they certainly ought to be applied to different ſubſtances, and ſcem Wn 
lated to enrich cur chemical langhage, a 
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rent and cryſtallized carbonat of lime or calcareous ſpur is ſiow ly 
formed. 

The waters in the ſea, librating according to laws yet unknown 
to us, are inſenſibly diſplaced, and change their bed; they quit 
one coaſt, which gradually encroaches on the ſea, while they 
advance on another, whole extent is diminiſhed in the fame pro- 
portion: this fact is proved in Buffon's learned Theory of the 
Earth. In proportion as the waters quit one part of their bed, 
they leave the bottom uncovered, on which their various mo- 
tions, ſo well deſcribed by this celebrated writer, have formed 
beds, by the ſucceſſive depoſitions of ſolid matter, or the ſkele- 
tons of marine animals. Theſe ſtrata are almoſt entirely filled 
with ſhells, whoſe animal gluten has been deſtroyed by putre- 
faction, and which, having loſt their colour, poliſh, and con- 
ſiſtence, are become friable and earthy, and have paſſed into the 
ſtate of foſſils, Hence the production of earths and ſtones con- 
taining ſhells. 

Theſe ſtones, by the action of the rain waters, gradually loſe 
the organic form, become more and more friable, and form a 
ſubſtance of a texture ſcarcely conſiſtent, which is called ch. 
When a ſtone, compoſed of ſhells, has acquired ſufficient hard- 
neſs to be capable of poliſh, and when the ſhells have become va- 
riouſly coloured, it then conſtitutes the /umachello. If the traces 
of organization are entirely deſtroyed, and the ſtone be hard and 
ſuſceptible of poliſh, it is diſtinguiſhed by the name of marb/c. 
Water, impregnated with chalk, depoſits it on ſuch bodies as it 
paſſes over, and forms iacruftations, When it filters through the 
roofs of ſubterraneous cavities, it forms white opaque depoſitions, 
compoſed of concentric layers, whoſe figure on the whole is co- 
nical, Theſe falaFites, if united together in large maſſes, and 
perfectly filling up the caverns, remain a long time in the carth; 
they acquire conſiderable hardneſs, and produce alabaſter. Lal. 
ty, When water, holding in ſolution chalk in the moſt aitenuated 
ſtate, lowly penetrates into the cavities of rocks, it will depoſit 
this ſubſtance, particle by particle, as it were; and theſe ſmall 
bodies, being applied to each other by the ſurfaces beſt adapted 
to unite, will take a ſymetric and regular arrangement, and form 
hard tranſparent cryſtals, ſimilar to thoſe of ſaline ſubſtances : 
theſe are calcareous ſpars. This ſtate is the laſt, or moſt remote 
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from its animal origin, in which chalk is found, and in which 
it has the greateſt reſemblance to a true ſalt. 

Theſe various and numerous tranſitions of the cretaceous ſub- 
ſtance (the conſideration of which affords the greateſt inſtrug- 
tion to the naturaliſt, concerning the antiquity of the globe, its 
alterations, and the extent of the animal kingdom, whoſe ſub- 
jets conſtitute a vaſt portion of its furface and external ſtrata), 
preſent only to the eyes of the chemiſt one ſingle and identical 
neutral ſalt, formed of lime and carbonic acid. We ſhall pro- 
ceed to conſider the ſubject in both points of view. 


$I. The Natural Hiſtory of Calcareous Subſtances s. 


Before we enter into a particular account of calcareous mat- 
ters, it will be proper-to take a general view of their diſpoſition 
in the earth. Theſe ſubſtances form beds of greater or leſs ex- 
tent, horizontal or inclined, which appear manifeſtly to have 
been formed by the action of waters. Theſe beds compoſe - 
whole mountains, hills, &c. and form a great part of the exter- 
nal covering of the globe. They prove that the waters of the 
ſea have formerly covered the eaxth, and have depolited an im- 
menſe quantity of the exuviz of their inhabitants. The rain 
waters, filtering through theſe calcareous maſles, carry a por- 
tion along with them, which they diſtribute at greater depths, in 
ſubterraneous cavities, under the different forms we ſhall proceed 
to examine. 

Their general characters, as given by naturaliſts, are highly 
uſeful to diſtinguiſh them, and are founded on two remarkable 
properties: their not giving fire with fteel, and their efferveſcence 
with acids. As it is evident, from what has been already ſaid, 
that the form of calcareous matters is conſiderably varied, it is 
indiſpenſably neceſſary to divide them into ſeveral genera. We 
admit fix +. 


2 * _—_——— 


Though we have already, in the Hiſtory of Earths and Stones, exhibited the 
methodical diviſions of ealcareous ſubſtances, uſually diſtributed in this claſs by 
raturalifts, yet we think it proper, in this ſection, to exhibit them under another 
arrangement, which refers to conſiderations different from thoſe by which the 
cotnpilers of Nomenclatures in general are guided. Note of the Author. 

+ lr may perhaps be thought firange, that a diviſion of genera ſhould be made 
in the hiſtory of one ſpecies of ſalt; but it muſt be obſerved, that theſe genera re- 
late only to natural hiſtory, and that in fact they are referable to the ſpecies of 
neutral ſalt, whoſe chemical properties we are examining. Nate of the Auther. 
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GExvs I. Earths and Stones containing Shells. 


Theſe ſubſtances have been arranged among ſtones, becauſe 
they have no apparent degree of taſte or ſolubility; but their 
analyſis ſhows that they are truly ſaline, as well as the other ge- 
nera which follow. They are known by the organic form of 
the ſhells they contain; theſe are often entire, ſo that the ſtone 
itſelf is merely a maſs of ſhells : the original colours partly re- 
main in ſome ſpecimens. Among the animals whoſe exuviæ ex- 
iſt in this ſtate, ſeveral are obſerved which are extinct, or no 
longer found living in the ſea; ſuch as many ſpecies of cornua- 
ammeonis, and namili. On the other hand, foſſil ſhells are found 
in France, and other parts of Europe, the living individuals of 
which are found only in America. Some naturaliſts have made 
very extenſive diviſions of foſſil ſhells ; but as they reſemble thoſe 
of the living animals, we ſhall ſpeak of them in another, part of 


our work. 


There likewiſe exiſt among the foſſil remains of marine ani- 
mals, bodies whoſe form and organization cannot, in any re- 
ſpect, be referred to any known inhabitant of the ſea. Though 
we do not yet poſſeſs any complete treatiſe upon foſhl animals, 
and though this part of natural hiſtory has not been treated with 
the ſame care and preciſion as mineralogy, the deſcription of a 
conſiderable number of theſe bodies is ſufficient to prove, that 
animals have exiſted in the ſea whoſe ſpecies have been deſtroyed. 
When the foſſil calcareous ſubſtances manifeſtly appear to have 
belonged to known animals, they are then diſtinguiſhed by a 
name relative to their origin, and commonly formed out of the 
claſs of animals to which they belong, adding another name, 
which denotes their ſtony nature; ſuch as madreporites, &c. 
But it muſt be obſerved, that the bones of men, quadrupeds, 
birds, and fiſhes, which are dug out of the earth, and are known 
by the name of foſſils, are not of a calcareous nature, but pre- 
ſerve the nature of calcareous phoſphat : ſo that the ornitholi- 
thes, the ichthyolithes, &c. muft not be arranged among creta- 
ceous ſubſtances. | | 

There are many ſoſſil organic ſubſtances, whoſe origin is not 
known ; theſe are named from their form, ſuch are the lapides 
Judaici, which ſome think arg the ſpiculæ of ſea hedge-hogs ; 
the lapides numi/males, eee pieces of money, and which 
| 3 
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appear to be ſmall cornua- ammonis applied upon each other; 

foſſul-bezoar, a kind of round maſs or coneretion in concentric 
layers; the ludus Helmentii, whoſe ſpaces. ſeem to have been 
formed by the drying. and fhrinking/of an earthy ſubſtance, which 
afterwards became filled with | calcareoas earth. The grechites, 
entrochi, and aftroites, which are produced from a zoophite named 
ſea-palm ; the piſolites, oalites, or mecunites, which are thought to 
be petrified fiſhes erg. or inſects, but whoſe true ang is un- 
knew n. 

As all. nowibed — wh animals than; may. 2 
belonged to, have been referred to this genus of ſtones, which 
are truly calcareous ; natural hiſtory like wiſe enumerates in 
this: place gammarulitet, canerites, entomolites, amphibialitem, xso- 
lites, antropolites : But ſince the new , diſcoveries concerning the 
nature of bones, theſe matters can no longer be referred to cre- 
taceous ſubſtances, as we have already pointed out. The ſame 
obſervation may be made reſpecting the g/ofopetre, or petrijied 
ſharks teeth, ivory or foſſil unicorn, which is produced from ele- 
phants teeth; turquoiſe, or bones coloured green and blue; toad- 
ſtones ; grey or yellow and hollow. ſtones, which, according to 
Mr. Juſſieu, are the upper parts of the grinders of the Brazilian 
fiſh/ called Grondeur: and the /erpents eyes, which, ding to 
that naturaliſt, are the ineiſive teeth of the ſame ſiſ . 

- After this previous explanation, the preſent genus AY be re- 
duced to two ſpecies, containing every poſſible variety. 

Species 1. Entire ſhells or foſſils. 5 

Theſe are diſtinguiſhed by different circumſtances of 3 
brilliancy, hardneſs, &. In this ſpecies are 22 ma- 
drepores, and all the habitations of polypi in the 1 . 

2. Falun, or cron. "- 
- Shells broken; and in che ſorm of earth. The foil of Tou- 
rain, and ſeveral other provinces of France is entirely of this 
nature. It 18 uſed as an excelent mauure. * 


x  Gexvs I. 'Ealcarcous Earths and , | 


They are formed out of the ſubſtances of the firſt genus worn 
down and depoſited by waters. They are found diſpoſed in beds 
or ſtrata, within the earth. We ſhall follow Daubentan in — 
diſtinction of the different kinds. 57 

Species 1. Compact * earth; chalk volh 
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Its colour and grain are various; employed for many do- 
meſtic purpoſes. | 

2. Spongy calcareous earth; fone-marrow. 

3. Calcareous earth in powder; i flour. 

4. Calcareous earth of onde" — cream ; lac-lunæ. 

5. Soft calcareous earth; rufa. 

It hardens and becomes white by drying. 

6. Calcareous earth in large grains. 

The earth of Arcueil is an inſtance of this; it contains ſhells 
broken to pieces. 

7. Fine grained dances earth. 

The thunder-ſtone is a variety of this. 

Without entering into uſeleſs details, it may eaſily be ima- 
gined that the hardneſs, and the ſeveral uſes to which theſe 
earths and ſtones are applied, afford names to a great number of 
varieties. In general they ſerve to make lime, and for the con- 


ſtruction of edifices, &c. &c. 
Genvs III. Marble. 


Marbles differ from calcareous ſtones properly ſo called, i in 
being rather harder ; like them they efferveſce with acids, have 
a granulated fracture, and do not give fire with ſteel ; but their 
grain is much finer and cloſer, their colours more brilliant, and 
they take a better poliſh. Every one is acquainted with the uſe 
of marble in ſculpture, architecture, &c. It is likewiſe uſed in 
ſome countries to make lime. | 

Species 1. Lumachello. 

This name is given by the Italians to marble —_— of ag- 
glutinated ſhells. 

2. Breccias, | 
This marble is compoſed of ſmall round maſſes bedded in a 
cement of the ſame nature. 

3. Marble properly ſo called. 

Neither the ſhells nor the Jamachellos, 1 nor r the 3 wits 
of the breccias are foul in this ; its ſpots are irregular, and it 
is often veined. Daubenton arranges marbles according to the 
number and combination of their - colours, and includes the lu- 
machellos and the breccias under the ſame denomination. 

1. Marble of fix colours; for example, white, grey, green 

yellow, red, and black. Marble from Wirtemberg. 


CALCAREOUS CONCRETIONS. 35 


2. Marble of two colours; for example, white and grey. 
Marble from Carrara. 

3- Marble of three colours; for example, grey, yellow, and 
black. Lumachello. 

4. Marble of four colours; for 2 white, grey, yellow, 
and red. Brocatello of Spain. 

5. Marble of five colours; for example, white, grey, yellows 
red, and black. Breccia of Old Caſtile. 

Species 4. Figured marble. 

It repreſents ruins, as in the marble of Florence; or plants, 
as in the Heſhan marble. 

It muſt be obſerved that the colours of marble depend almoſt 
always on iron interpoſed between its grains. This ſtone, thought 
ſuſceptible of a good poliſh, is very porous. It is well known 
how eaſily it is ſtained 3 and on this property is founded the art 
of drawing coloured flowers on marble. 

Marble is often mixed with fragments of hard ſtone, ſuch AS 
quartz, or ſilex, in which caſe it gives fire with ſteel at that 
part. I have frequently obſerved this charadter | in ſeveral ſpecies 
of black marble., 


© Genus IV. Concretions. 


Concretions are formed irregularly by a depoſition of calcare- 
ous matter by water on the ſurfaces of bodies. 'They are not 
diſpoſed in large beds, but by fragments in maſſes, at firſt ſe- 
parate, which gradually growing larger, join, and become con- 
tounded together. 

Species 1. Incruſtations. 

Waters loaded with chalk depoſit it on the darlin of all bo- 
dies over which they flow. Incruſtations may therefore have 
every poſſible form, according to the ſubſtance which has ſerved 
as a nucleus. Such are thoſe ſpecimens from the waters of Ar- 
cueil; ſuch likewiſe is Oſteocolla, &c. 

2. Stalactites. 

They are formed ſlowly, and by concentric layers depoſited 
by waters at the vaults of caverns, &c. They vary in magni- 
tude, tranſparency, grain, colour, and form; they are in gene- 
ral pyramidical and hollow. The flos-ferri is the pureſt of all. 
When they are adherent to the fides gf ſubterrancous cavities 
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they are called congelations; when they ſtand on the floor of he 
cavern, they are denominated falagmites. + 6 

3- Alabaſter. 

Alabaſter appears to be formed by the pureſt nalaQttes, after 
remaining long in the earth; it is not ſo hard as marble, and 
when it is poliſhed, its ſurface appears greaſy and oily; it is ma- 
nifeſtly compoſed of layers which have different WireQtions ;. it 
has always an impefect tranſparency, which diſtinguiſhes i it from 
- marbles, but it is never ſo clear as ſpars. It is formed into 
vaſes and ſtatues; many varieties of this ſubſtance may be di- 
ſtinguiſhed.* : 

Varieties.—1. Oriental alabaſter. 

Tt is the moſt tranſparent and the hardeſt. 

2. Occidental alabaſter. _ 

Leſs beautiful and pure than the foregoing. 

3. Alabaſter ſpotted with different colours. 

4. Wavy alabaſter. 

It is likewiſe called alabaſter of agate. _ 

5. Alabaſter repreſenting figures of herbs. 


GExus V. Calcareous Spar. 


Calcareous ſpar differs from the four preceding genera by its 
form, which is commonly regular, and eſpecially by its frac- 
ture. Tt conſiſts of laminæ applied on each other, as evidently 
appears from its fracture; it crumbles when ſtruck with a ſteel. 

Species 1. Opaque calcareous ſpar. 

It is white, or variouſly coloured, and uſually in the form of 
rhomboidal plates. 

2. Tranſparent rhomboidal ITO ſpar ; Iceland cryſtal. 

It doubles objects. This is often an artificial fragment. 

= Lenticular calcareous ſpar. 

| Rome de Lille is of opinion that this is a variety of the hexa- 
hedral priſmatic ſpar, terminated by two "obtuſe and triangular 
pyramids, but it is merely the preceding variety rounded at its 
ſolid angles. | 

4. Priſmatic calcareous ſpar, without pyramids, 

Theſe are truncated hexahedral priſms, whoſe, faces are either 
equal or unequal, and. whoſe, angles are ſometimes truncated in 
ſuch a manner as to form twelve · ſided priſms. - It conſequently 
has three varieties. 
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. Calcareous ſpar in priſms, terminated by two pyramids. | 
There is a conſiderable number of varieties of this ſpar. Some 
are hexahedral priſms, terminated by hexahedral pyramids, either 
entire or truncated, Others preſent trihedral pyramids, either 
entire or truncated, or with dihedral ſummits, at the extremity 
of the ſame hexahedral priſms. Laſtly, There are quadrangular 
priſms terminated by dihedral ſummits. The regular cryſtals 
have 18 trapezoid faces. 

6. Pyramidal calcareous ſpar. 

This is compoſed of one or two pyramids united without an 
intermediate priſm ; the hexahedral or triangular form of theſe 
pyramids, the inequality of their faces, and the truncature of 
their angles, eſtabliſh a great number of varieties *. 

7. Dodecahedral calcareous ſpar. 

8. Calcareous ſpar in ſtriæ. 

This is an aggregate of long priſms adhering fide-ways, which 
do not preſent any determinate or regular form. The fwine- 
ſtone of the Swedes belongs to this ſpecies. | 
This ſpar, which in its figure reſembles a kind of garnet or 
marcaſite, appears to be compoſed of two pentagonal pyramids, 
truncated and united at their baſe. 

This variety is formed by 12 pentagonal faces inverſely ſtriat- 
ed; when mall, it is named ſpar en te de clus. 


II. Concerning the Chemical Properties of Calcareous Carbonat. | 


As the chemical properties depend on the combination or prin- 
ciples of bodies, it is neceſſary to give them names expreſſive of , 
their nature; from this confideration, the ſeveral calcareous fub- | 
ſtances we have treated of muſt be chemically treated of under 
the denomination of calcareous carbonat. It is upon the moſt 
tranſparent caleareous ſpar, or pure white marble, that the ex- | 
periments muſt be made, which eſtabliſh the properties of this 
carthy ſubſtance. 2 

In order to analyſe calcareous carbonat, its aggregation muſt 


20 


* An idea of the varieties of form diſtinguiſhable in ſpars, and of the great | l 
number of ſpecies thence reſulting, may be had by confulting the Engliſh work 1 
of Dr. Hill, entitled the Hiſtory of Foſſils, &c. London 1748. Rome de Lille 
has given an extract in the firſt edition of his Cryſtallography, page 131, et 
ſeq. page 191, et ſeq. relative to calcareous ſpar and rock. cryſtal. He ſhows 
that Dr. Hill's method is defective and embarraſſing. Nate of the Aubor. 
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1 be firſt deſtroyed by reducing it to powder. In this form it is 
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white and opaque, and has no ſenſible taſte, though it ſeems to 
contract or harden the fibres of the tohgue and palate, when kept 
for ſome time in the mouth. 

When expoſed to the action of heat, it loſes its acid and wa- 
ter of cryſtallization z if ſuddenly heated, it decrepitates, and 
becomes opaque. By diſtillation in a retort, much water and car- 
bonic acid is obtained; but a conſiderable heat is required to 
diſengage the latter. After this operation, the ſpar is reduced to 
the ſtate of quick-lime ; and the ſpar may be regenerated by 
combining quick-lime with the acid obtained in this decompolt» 
tion. A diſtillation of chalk, which does not differ from cal» 
careous ſpar, except in its friability and its opacity, has been 
made by Mr. Jacquin. The Duc de la Rochefoucault, who re- 

peated this experiment with great care, obſerved, that ſtone- 
| pare xetorts ſuffer a part of the carbonic acid gas to eſcape. Dr. 
Prieſtley has eſtabliſhed this fact by many very accurate experi- 
ments. A retort of iron, or gun barrel, may be uſed ; but a 
{mall quantity of inflammable gas is always produced by the 'ac» 

tion of the water contained in the chalk upon the iron, 
| Calcareous carbonat, expoſed to a ſtrong heat in crucibles 
made of clay, is capable of flowing into glaſs, where it touches 
the veſſel. Mr. D'Arcet has melted ſeveral pieces into a tranſ- 
parent glaſs, with a few ſpots. But as Macquer has obſerved 
that this earthy ſalt did not melt in the focus of Mr. Trudaine's 
burning lens, it cannot be doubted but that the fuſion obtained 
by Mr. D'Arcet was produced by the clay of the crucibles. 

Calcareous carbonat is not altered by expoſure to pure air; 
but the contact of the humid atmoſphere, together with the ac- 
tion of the ſun's rays, deprive it of its tranſparency, and deſtroy 
the coheſion of its lamihæ. Its ſurface takes the colours of the 
rainbow, grows dim, and ſplits off by degrees. It does not ap- 
pear to be ſoluble in water. Chalk, which cannot by art be diſ- 
ſolved in this fluid, is nevertheleſs held in ſolution by waters 
which paſs over beds of cretaceous ſubſtances : ſome waters, 
ſuch as thoſe of Arcueil, in the neighbourhood of Paris, con- 
tain a conſiderable quantity ; ſo that in the ſpace of a few months 
bodies plunged therein become incruſted. The waters of the 
baths of St. Philip, in Italy, are ſo highly charged with this 
ſubſtance, that they depoſit it to the thickneſs of about half an 
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inch in the ſpace of a ſew days. This property is applied to the 
formation of ſmall tablets and figures; moulds are plunged in 
theſe waters, and the chalk is depoſited on their internal ſur- 

Calcareous carbonat promotes the vitriſication of ſome earthy 
and ſtony ſubſtances. Mixed with ſilicious earth, it cauſes fu- 
ſion, when the latter is in the proportion of one- third. 1 

This ſalt, when naturally mixed with argillaceous earth, forms 
the ſubſtance called marl. This ſubſtance preſents a great num» 
ber of varieties, with reſpect to colour, denſity, & c. and melts 
into a greeniſh yellow glaſs, when urged by a ſtrong heat. It is | 
uſed with great ſucceſs as a manure to fertilize lands. ; 

Barytes and magneſia have no action on calcareous carbonat, 
by the humid way, the carbonic acid adhering more ſtrongly to 
the lime than to either of theſe; but calcareous carbonat, treat- 
ed by fire with theſe alkaline earths, forms a vitreous combina- 
tion. Mr. Achard has made a numerous ſeries of experiments 
on all theſe mixtures by vitrification ; accounts of which are in- 
ſerted in the Fournal de Phyſque. 

Fixed alkalis and ammoniac do not affect calcareous car- 
bonat, their affinity with carbonic acid being leſs on Ws 
lime. 

The ſulphuric, nitric, muriatic, and fluoric acids decunpeli 
it, by ſeizing its baſe, and diſengaging the carbonic acid. If 
ſulphuric acid be poured on calcareous carbonat, an ebullition 
is excited, which ariſes from the diſengagement of the carbonic 
acid in the gaſeous form. Naturaliſts avail themſelves, with 
great ſucceſs, of this chemical character, to diſtinguiſh calcare- 
ous ſubſtances. An exact analyſis of calcareous carbonat may 
be made by acids. For that purpoſe ſulphuric acid is poured on 
this ſalt, firſt reduced to powder. The carbonic acid, which 
eſcapes with efferveſcence, may be collected by means of a re- 
curved tube, under veſſels of mercury. The efferveſcence is ac- 
companied with cold, ariſing from the volatilization of the acid. 
When the proceſs is finiſhed, if the new combination be exa- 
mined, it is found to be calcareous ſulphat, formed by the ſul- 
phuric acid united to the lime which compoſed the baſe of the 
former ſalts, Recent experiments have ſhown, that ſome of theſe 
ſpars contain a ſmall proportion of magneſia, and afford ſulphat 
ef magneſia when diſſolved in the ſulphuric acid. The nitric 
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acid, which naturaliſts commonly employ in their aſſays, pro- 
duces the ſame efferveſcence, when dropped on calcareous car- 
bonat; it diſengages the carbonic acid, and forms „ 
nĩtrat with its baſe. * 

The muriatic acid likewiſe ſeparates the acid from nchen 
carbonat with violent efferveſcence, and forms muriat obs _ * 
combining with its baſe. 

The fluoric acid decompoſes it in the ſame manner, and form 
calcareous fluat with its baſe. = * 

The boracic acid does not decompoſe calcareous carbonat in 
the cold, but it produces an efferyeſcence when mixed with chatk 
in powder, diluted with a * ö of e and ex- 
poſed to heat. 

The carbonic acid has the property of rendering eifbohst of 
lime and calcareous matters ſoluble in water. We have already 
ſeen, in treating of this acid, that it precipitates lime-water, and 
that the chalk is re-diſſolved, if more acid be added than is ſuf- 
ficient to produce this effect. The water impregnated with car- 
bonic acid, by remaining on calcareous carbonat in powder, be- 
comes gradually charged with a certain quantity of this earthy 
neutral ſalt. Many waters contain chalk diflolved by the me- 
dium of this acid ; but it ſoon precipitates, when the acid is ſuf- 
fered to eſcape by expoſure to air. This effect is much more 
quickly produced by the action of heat; and for that reaſon boil- 
ing is ſucceſsfully employed to correct waters loaded with chalk, 
which, without this precaution, would be crude or hard. 

As chalk is almoſt always ſuſpended by means of the carbonic 
acid, it is therefore eaſily ſeen why it ſo readily precipitates, and 
cauſes calcareous depoſitions and incruftations, as we have ob- 
ſerved, of the waters of Arcueil, and the baths of St. Philip in 
Italy. " When natural hiſtory was leſs enlightened by chemiſtry, 
ſprings of this kind were called petrefying waters, wy were by 
the vulgar reckoned among the number of miracles. | 

Culcareous carbonat has no action on neutral falts with baſe of 
Gxed alkali. It decompoſes ammoniacal fas. A calcareous falt, 
formed by the acid of the ammoniacal falts and the lime, and 
alſo carbonat of ammoniac, ariſing from the combination of the 
carbonic acid with the ammoniac, are obtained. This operation 
is made, by diſtilling in a ſtone-ware retort, a mixture of one 
pound of ſal ammoniac, and two pounds of chalk or cretaceous 
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ſpar, in powder. Theſe two ſubſtances muſt be very dry. A 
receiver or cucurbit of glaſs is adapted to the retort, and the fire 
is gradually raiſed to a low red heat, the receiver being kept cool 
with wet cloths, or by a ſmall ftream of cold water, which runs 
on it during the 'whole operation. White vapours paſs over, 
which condenſe in very pure and white cryſtals on the ſides of 
the receiver. This is the carbonat of ammoniac. This appears 
to be the proceſs uſed in England for preparing it; from thence 
it was formerly exported to every part of Europe, under the name 
of fal volatile of England ; but at preſent it is prepared every 
where. The reſidue of this operation is calcareous muriat, which 
is uſually melted, if a briſk heat be given towards the end. 

The uſes of ſpar, and calcareous matter in general, are very 
extenſive, as we have already ſhown in treating of their natural 
hiſtory ; but one of the moſt important of theſe uſes is, the pre- 
paration of lime. The burning of lime conſiſts in decompoſing 
calcareous matters by the action of heat, which deprives them 
of their acid. Stones compoſed of ſhells, marbles, and moſt 
calcareous ſpars, are the ſubſtances which afford the beſt lime. 
But the hard calcareous ſtone, called /ime-fone, is more common- 
ly uſed, eſpecially in the neighbourhood of Paris. Theſe ſtones 
in France are arranged in a furnace, or kiln, ſo as to form a a 
kind of vault, beneath which a wood fire is lighted, and kept up 
till a ſtrong flame, without ſmoke, is raiſed about ten feet above 
the furnace, and till the ſtones become very white. Pit coal and 
turf begins to be uſed at Paris for the burning of lime, 

Good lime is hard, ſonorous, becomes quickly and ftrongly 
heated by the addition of water, and emits a denſe vapour dur- 
ing its extinction. If it be not ſufficiently calcined, it is leſs 
ſonorous, and heats flowly : if the calcination has been too great, 
it is ſemi. vitrified, emits too clear a ſound when ſtruck, and does 
not eaſily unite with water. The workmen call it over-burned 
lime. We ſhall hot here enumerate'the uſes of lime, but refer 
the reader to the hiſtory of that pure ſubſtance. 

But we ſhall here add, that ſuch calcareous carbonat as is na- 
turally found mixed with very ſmall fragments of calcareous ſul- 
phat, or gypſum, and which is depoſited in mountains in large 
regular ſtrata, ſeparated by clay and mar], as is obſerved in the 
vicinity of Paris, conſtitutes the moſt uſeful lime-ſtone for build- 
ing. Though we have already ſpoken of this article under the 


eaſily this paſte is broken when dry; a circumſtance which de- 


third its weight of the calcareous carbonat. 
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head calcareous ſulphat, we think it proper to reſume the ſub- 
je in this place rather at length, becauſe all treatiſes of natural 
hiſtory, and of chemiſtry, are deficient in this reſpect. It muſt 
be recollected, that pure calcareous ſulphat, by calcination, af- 
fords only fine plaſter, which makes an incoherent paſte with 
water, and is employed to caſt ſtatues. Every body knows how 


pends on the maſs being alike throughout. This is not the caſe 
with ſuch plaſter as is proper for building. The ſtone which af- 
fords it at Montmartre, and other places, is a kind of breccia, 
formed of very ſmall granulated cryſtals of ſulphat of lime, to- 
gether with thin laminæ of calcareous carbonat: the preſence of 
the latter may be aſcertained by a drop of nitric acid applied to 
the ſtone, which diſengages the carbonic acid with x ſtrong ef- 
ferveſcence. When a given quantity of the plaſter ſtone of 
Montmartre is diſſolved in aquafortis, all the calcareous carbonat 
is decompoſed, in proportion as the lime unites with the nitric 
acid. The. calcareous ſulphat, which is not ſoluble in this acid, 
remains behind. The relative quantities of calcareous carbonat 
and ſulphat in different plaſter ſtones may thus be found ; and 
experience ſhows, that the beſt plaſter ſtone contains more than 


The mixed nature of the plaſter ſtone being admitted, it is 
eaſy to account for the phenomena exhibited in its burning, its 
extinction, and its hardening. When this earthy ſalt is burn- 
ed, the calcareous ſulphat which it contains loſes its water of 
cryſtallization, and becomes friable ; the calcareous carbonat, at 
the ſame time, being converted into lime by the loſs of its acid. 
In this ſtate, the well burned plaſter is acrid and alkaline ; con- 
verts the ſyrup of violets to a green; becomes hot with acids 
without efferveſcence z and loſes its goodneſs by expoſure to air, 
in proportion as the lime is extinguiſhed by attracting humidity 
and carbonic acid from the atmoſphere. - It abſorbs water with 
avidity ; and with regard to the ſolidity it ſo ſuddenly takes, 
which is a property oppoſite to thoſe of pure lime, it ariſes from 
the circumſtance, that when the quick-lime has abſorbed as mych 
water as is neceſſary for its extinction, the calcareous ſulphat, 
which is interſperſed between its particles, cryſtallizes ſuddenly, 
and produces the ſame effe& as ſand in mortar, by giving ſoli- 
gity to the whole, 
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| Lafily, From this theory it is known, why plaſter may be well 
preſerved in a hot and dry place, but is quickly deſtroyed by hu- 
midity. The ſolubility of its two ſaline principles in water is 
the cauſs of this phenomenon. 


CHAPTER VIII. 


Genvs IV. NEUTRAL SALTS, WITH BASE OF NAGNESIA,. OR 
MAGNESIAN SALTS. / 


Wes have already obſerved, in'the hiſtory of acids, that mage | 


neſia readily combines with thoſe ſalts, and forms ſaline com- 
pounds different from thoſe which contain other baſes. Theſe 
ſalts are not yet perfectly known, few chemiſts having paid par- 
ticular attention to them. The celebrated Dr. Black is the firſt 


who made a proper diſtinction between theſe ſalts and other ter- 


reſtrial-faline bodies, with which they were before confetnded. 

Magneſian ſalts poſſeſs generic characters ſufficient to diſtin» 
guiſh them. They are almoſt all bitter and ſalt; the greateſt 
part cryſtallize regularly, though with difficulty; in general they 
are very ſoluble in water, ſome even attracting the humidity of 
the air; and they are more eaſily decompoſed than ammoniacal 
and calcareous ſalts. Barytes, lime, ammoniac, and the two 
hxed alkalis, deprive them of their acid. The decompoſition by 
volatile alkali is partial ; for this ſubſtance remains partly united 
to the acids, at the ſame time as the magneſia, and then forms 
triple ammoniaco-magneſian ſalts. 

We ſhall examine fix of theſe ſalts in the preſent chapter ; 
namely, ſulphat of magneſia, or Epſom ſalt, nitrat of —_— 
muriat of magneſia, borat of magneſia, fluat of A 
carbonat of magneſia. 


Species J. Sulphat of Magneſia, or Epſom Salt. 


The neutral ſalt, compoſed of magneſia, united to the ſulphu- 
ric acid, has been called Epſom ſalt, from the name of a ſpring 
in England from which it was formerly obtained : it exiſts like- 
wiſe in the waters of Egra, Sedlitz, and Seydſchutz. Its true 
name is ſulphat of magneſia, or magneſian ſulphat. 

This ſalt has a very bitter taſte, and on that account has been 
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called 2 cathurticut amarut: it is met with in commerce in the 
form of very ſmall needles, terminated by acute pyramids z in 


this ſtate it much reſembles ſulphat of ſoda, or Glaube“ ſalt, but 
its taſte is more bitter. It does not effloreſce in the air; and its 


regular cryſtallization is very different from that which we have 
juſt deſcribed. By a ſpontaneous evaporation, it 1s obtained in 
fine quadrangular priſms, terminated by quadrangular pyramids, 
all the ſurfaces being ſmooth and without furrows ; its cryſtals 
in general are ſhorter and larger than thoſe of ſulphat of Toda ; 
and it likewiſe differs from that perfect neutral ſalt in all its other 
properties. 

-- Sulphat of inagheſin ve retains a ſufficient quantity of the water 
of cryſtallization to admit the aqueous liquification. A very flight 
heat is ſufficient to melt it; and it congeals, by cooling, into a 


maſs of no determinate form. Continued application of heat 


dries it into a white friable maſs, which is merely the ſalt de- 
prired of its water of cryſtallization : it does not experience the 


true igneous fuſion but by an extreme heat. The water of cry- 


ſtallization in this ſalt is nearly half its weight. 
- Macquer and other chemiſts affirm, that it becomes lightly 
moiſtened by expoſure to air, and that it may be thereby diſtin- 
guiſhed from ſulphat of ſoda, which, efloreſces. But Bergman, 
on the contrary, affirms, that ſulphat of magneſia, expoſed to a 
dry air, loſes its' tranſparency, and is at length reduced into a 
white powder; and he affirms, that the falt fold in the form of 
ſmall needles, is humid and deliquefcent, on account of the mu- 
riat of magneſia it contains. Mr. Butini, citizen of Geneva, 
to whom we are indebted for a ſeties of valuable inquiries con- 
cerning magneſia, affirms, that he found in Engliſh Epſom ſalt, 
a ſufficient quantity of fulphat of ſoda, or Glauber's falt, to 
which the eMoreſcence might be attributed; but that ſulphat of 
magneſia, well purified, though its tranſparency is diminiſhed 
by expoſure to air, is very far from effloreſcing like ſulphat of 
ſoda, which is entirely reduced to . at the end of a ſhort 
ſpace of time. | 

Sulphat of magneſia i is ſo ſoluble in water, that no more than 
twice its weight of cold, or half its weight of hot water, are re- 
quired to hold it in ſolution. It cryſtallizes by cooling; but very 
regular cryſtals can only be produced by fpontaneous evaporation. 
This ſalt is not altered by ſilicious or aluminous earths. = 


/ 
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Barytes decompoſes, it, becauſe its affinity to the aba acid 
is greater than that of magneſia. 


Il me decompoſes it for the ſame reaſon. If a ſmall quaint 

of ſulphat of magneſia be added to, lime- water, or if the latter 
be added to a ſolution of the ſalt, a precipitate is formed, con- 
ſiting of magneſia and calcareous ſulphat; this precipitation is 
a diſtinctive character, by which ſulphat of ee may by: 
known from that of ſoda, 

Pure fixed alkalis likewiſe decompoſe ſulphat of magneſia. The 
cauſtic ammoniac decompoſing this ſalt, and having no effect 
on calcarequs ſulphat, is a. proof that it has a ſtronger affinity 
than magneſia, and a weaker than lime, with the ſulphuric acid: 
it may therefore ſerve as a teſt of the preſence of ſulphat of 
magneſia in waters. Hence, likewiſe, pure magneſia is obtains, 
ed by: means of the cauſtic. ammoniac. Bergman obſerves, that 


pure ammoniac does not completely precipitate. the magneſa 


from Epſom ſalt, but that part remains undecompoſed; Phe 
liquid holds in ſolution ammoniacal, and magneſian ſulphats. 
Some chemiſts have imagined, that theſe two falts, combining 
together, formed a triple ſalt, or compound, of an acid united to 
two, baſes :, but there is a; manifeſt, error in this opinion; for 
though theſe ſalts are found in the ſame water, one conſiſts of the 
ſulphuric acid united to ammoniac, and the other of the ſame, 
acid combined with magneſia. Each has a portion of acid; and 
it is not one and the ſame acid which adheres to the two baſes: 

but theſe two ſulphats have a very great affinity for each other, 
they cryſtallize together, and form, what way; be. called. t 
alt, or ammoniaco-magngſiau ſulphat. 

The action of ſulphat of magneſia on — u. with baſs. 
of bed alkali and ammoniac, is not yet known; it is probable, 
that it may decompoſe nitric. and, maniac ſts of. ele 
by double affinity. 

Mr, Quartremer Dijonval affirms, in a — to * 
( Journal de Phyſique for May 178 00% that when a ſolution of 
{ulphat of magneſia is added to a ſolution of ſulphat of am- 
moniac, the former ſalt is totally precipitated without decompo- 
ſition, in the form of cryſtals of : conſiderable. magnitude, which 
may be known. by the taſte, &c. He attributes this effect to the 
ſulphat of ammoniac ſeizing the water from the magneſia, which 


be thinks eryſtallizable in this manner; but this is an error; for 
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to Mr. Dijonval: the precipitate is ſcarcely ſenfible on account 
of the ſmall quantity of calcareous ſulphat diſſolved in the wa- 
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the ſalt, which cryſtallizes in this operation, is a true triple ſalt, 
or eee er ſulphat, as I am aſſured by Expe- 
rience. 

It is certain, that ſulphat of . and the carbonic falts 
mutually decompoſe each other. When a ſolution of carbonat 
of potaſh, or ſoda, is poured into a ſolution of ſulphat of mag- 
neſia, a double decompoſition and combination take place; the 
ſulphuric acid of the Epſom ſalt unites to the fixed alkalis, and 
the carbonic acid, ſeparated from the latter, ſeizes the magneſia, 
and forms a neutral falt, known by the name of mild or efferve/- 


cent magneſia, which we ſhall call carbonat of magneſia. By this 
proceſs, the mild magneſia, uſed in medicine as an excellent 


purge, bs prepared; ab will be four more at large at the end of 


this chapter. 
A ſolution of ſulphat of lime, mixed with a ſolution of ſul- 


phat of magneſia, affords a precipitation of the latter, according 


ter. Nitric and muriatic calcareous ſalts decompoſe ſulphat of 
magneſia; but we do not think it proper to conclude with Mr. 
Dijonval, that the nitric and muriatic acids have an affinity to 
the ſulphuric acid with magneſia, as theſe experiments certainly 
— on double affinity. 

Bergman affirms, that a centenary of cryſtallized ſulphat of 
magneſia contains nineteen parts of pure magneſia, thirty-three 
of ſulphuric acid, and forty-eight of water. 

Sulphat of magneſia is employed in medicine with great ſac- 


ceſs; it is a very uſeful purge, and at the ſame time has an open- 


ing quality. It is even preferred to other purgative ſalts, on ac- 
count of its great ſolubility ; it is adminiſtered either alone diſ- 
ſolyed in water, in a doſe from one to two ounces, or as an auxi- 
lary medicine in the quantity of one or two drachms. It mi- 
neralizes moſt natural purgative waters, eſpecially thoſe of Egra, 
Sedlitz, Seydſchutz, &c. but it is always accompanied with mu- 


un magneſia\ 


_ Species II. Nitrat of Magneſia. 


The nitrat of magneſia, called till now magneſian nitre, or 
nitrated magneſia, has been examined by Bergman. This illuſ. 
trious chemiſt affirms, that a ſolution of this ſalt made by art, 
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affords, after proper evaporation, priſmatic, quadrangular, ſpa- 
thoſe cryſtals, without pyramids. 

This ſalt has an acrid and very bitter taſte ; it is Jachmpatad 
by heat, attracts the humidity of the air, and is very ſoluble in 
water *, It cannot be obtained in cryſtals, but by a flow evapora- 
tion; and the laws of its cryſtallization are not yet ſufficiently 
known to enable us to obtain it with certainty in a regular form, 
as is done with-a great number of other ſalts. It is en ne 

by barytes, lime, and the fixed alkalis. 

As nitrat of magneſia is diſſolved in the eee of 
nitre, Morveau propoſes to obtain the magneſia in the large 
way, by precipitating it with lime-water. 'This proceſs might be 
very advantageous in point of facility and cheapneſs: but the 
ſame chemiſt having obſerved, that freſh lime-water precipitates 
pure calcareous nitre, when the water of ſolution is not in ſuf- 
ficient quantity, the magneſia obtained by this proceſs will not 
poſſeſs the degree of purity requiſite for a medicine of ſuch uti- 
lity, if the precipitation be effected on mother-waters which are 
not diluted with a very large quantity of fluid. | 
Ihe ſulphuric and fluoric acids diſengage the acid from nitrat 
of magneſia; boracic acid likewiſe ſeparates it by the aſſiſtance 
of heat, in conſequence of its fixity : theſe properties of this ſalt 
were diſcovered by Bergman. Mr. Quartremer Dijonval, who 
has made inquiries into many combinations of magneſia, found 
ſome of the properties of nitrat of magneſia very different from 
thoſe attributed to it by the chemiſt of Upſal. He aſſerts, that 
he obtaived cryſtals of magneſian nitrat which do not deliqueſce ; 
and even adds, that the magneſian ſalts are as cryſtallizable and 
effloreſcent, as the calcareous ſalts are greedy of moiſture. 


The nitrat of magneſia ſeems capable of decompoſing by dou- 


ble affinity the ſulphats of potaſh, ſoda, and ammoniac; but 
theſe decompoſitions are not ſenſible in the mixture of the ſolu- 
tions of the different ſalts, as thoſe are which are effected with 
calcareous nitrat : becauſe the nitrats of potaſh, ſoda, and; am- 
moniac, as well as the ſulphat of magneſia, are all very ſoluble 
in water; while the ſulphat of lime, formed by the decompoſi- 
tion of the ſulphats of potaſh, ſoda, and ammoniac by calcareous 
nitrat, affords a very plentiful precipitate. The effect of theſe 
double affinities, produced by the nitrat of magneſia, may how- 
ever be ſeen by evaporating the fluid ; the nitrats formed by the 
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all decompoſed; the fluid: retaining the calcareous nitrat in ſolu- 
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combination of the nitric acid with the alkalis, and the ſulphat 
of magneſia produced by the union of the ſulphuxic acid of the 


decompoſed' ſalts, with the baſe of magneſian nitrat, are by that | 


means obtained. 

Mr. Dijonval mentions a 4a, which deſerves all the: attention 
of chemiſts ; it is the precipitation of magneſian nitrat by the 
addition of calcareous nitrat. When tranſparent and very pure 
ſolutions of theſe two {aits. are mixed, the magneſian nitrat is 
immediately depoſited in the? cryſtalline form, without being at 


tion. It is very ſingular that two ſalts, Which when ſeparate 


had ſuſſicient water to hold them in perfect ſolution, ſhauld, 


when mixed, exhibit the appearance of the precipitation and cryſ- 
tallization of one of them. Mr. Dijonval thinks, as we have al- 
ready: announced, that this depends on the ſtrong» tendency of 
the: calcareous nitrat to unite with water; this ſalt, according to 
him, being capable of abſorbing a larger quantity of water than 
is neceſſary to hold it in ſolution, and the nitrat of magneſia, on 
the contrary, tending ſtrongly to cryſtallize, the former imme- 
diately ſeizes the water which held the latter in ſolution; the 
magneſian nitrat is of courſe precipitated in the cryſtalline form: 
this explanation does not, however, appear to remove all diſſi- 
culties. How, in fac. can any-ſalt, however ſoluble, or how- 
ever ſtrong its diſpoſition to combine with water may be, ſeize 
the water from another ſalt, while itſelf is already united with a 
ſuſſicient quantity to hold it in ſolution? 

If it be replied that it is not ſaturated with water, it ſhould 
be obſerved, that there will be a point of ſaturation at which 
calcareous nitrat would ceaſe to precipitate the nitrat of mag- 
neſia in this manner, and this ſact ought to have been ſhown. 
If the ſuppoſition be even admitted, how can the calcareous ni- 
trat ſeize the water of cryſtallization of the magneſian nitrat, 
ſince the magneſian nitrat appears to be*precipitated in the cryſ- 
talline form? Lafily, How: is it poſſible that magneſian nitrat, 
after being deprived of the water of its cryſtallization by calca- 
reous nitrat, can be inſtantaneouſly precipitated in cryſtals ? We 
therefore think that ſome cireumſtance eſcaped. Mr. Dijonval in 
the phenomena he obſerved, and that they depend on a cauſo 


which will not be clearly aſcertained till the r 


2 
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repeated in ſeveral different manners, with regard to the quan- 
tity of water, of ſalts, the temperature, &c. 

Magneſian nitrat is not uſed in the arts, nor in medicine. Its 
ſtrong taſte, its deliqueſcence, and all its other properties, ſhow; 


that it would act ſtrongly on the animal economy; yet it de- 
ſeryes to be tried as a ſolvent and aperient medicine. 


Species III. Muriat of Magneſia. 


This ſalt, which is a ſaturated combination of muriatic acid 
and magneſia, exiſts in all ſalt waters, and in all ſuch as contain 


ſulphat of magneſia in ſolution, as the waters of Epſom, Egra, 
Sedlitz, Seydſchutz, and many en; it is much more com- 


mon than is ſuppoſed. 

Magneſian muriat has a very bitter and hot taſte. Spin 
affirms that it cannot be obtained in cryſtals, but by ſuddenly 
expoſing its ſolution, firſt concentrated by evaporation, to a great 
degree of cold. It is then in the form of ſmall and very deli- 
queſcent needles. This ſolution moſt commonly has the appear- 
ance of a tranſparent jelly. Mr. Dijonval, who affirms that he 
has obtained this ſalt in a regular and permanent form, AY it 
is rather effloreſcent than deliqueſcent. 

Muriat of magneſia is decompoſed, and loſes i its acid, by the 
action of fire. The laſt portions of acid are not diſengaged but 
with great difficulty; the magneſia remains cauſtic after the 


operation. 

This ſalt, when expoſed to the air, appears to attract hum 
dity ſtrongly, and quickly falls into deliqueſcence. Bergman, 
and many other chemiſts, have mentioned this property. Mr. 
Dijonval is the only one who has aſſerted that the muriat of mag- 
neſia, as well as magneſian nitrat, efloreſces, inſtead of attract - 
ing humidity ;z but this aſſertion GS to be eſtabliſhed by re- 
peated experiments. 

Magneſian muriat is very ſoluble in water, and appears to be 
held in ſolution by leſs than its own weight of that fluid. It is 
very difficult to obtain it in perfect cryſtals ; evaporation by heat 
does not ſucceed well, becauſe the fluid becomes thick, and al- 
moſt always takes the gelatinous form in cooling. There are 
more hopes of ſucceſs from the ſpontaneous evaporation of a ſo- 
lution of this ſalt during the heat of ſummer; and this. method 
is found to afford cryſtals, though with much difficulty. 

Val. I. D 
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| The muriat of magneſia, heated in a retort with ſilicious and 
[ argillaceous earth, gives out its acid; but as this is alſo diſen- 
3 | gaged by mere heat, the decompoſition in the preſent caſs can- 
not be attributed to the earths. 

: Barytes and lime decompoſe this ſalt, and precipitate the mag- 
| neſia. As the mother-waters of the muriat of ſoda of falt- 
ſprings contain muriat of magneſia mixed with calcareous mu- 
riat, the magneſia may be precipitated in the large way, and at 
| a ſmall expence, by means of lime-water. 


— 


Pure fixed alkalis, and cauſtic ammoniac, have more affinity 

than magneſia to the muriatic acid, and therefore precipitate it 

from this ſalt. The water holds in ſolution the muriat of pot- 

aſh, ſoda, or ammoniac, according to the nature of the alkali 

1 5 made uſe of. The ammoniac does not decompoſe it completely, 

but forms a triple cryſtallizable muriatic ſalt, with the remaining 
portion of magneſian muriat. 

The ſulphuric and nitric acids decompoſe this ſalt, and ſepa- 
rate the muriatic acid with efferveſcence. To effect theſe de- 
compoſitions, a mixture of one part of either of theſe acids, and 
two parts of muriat of magneſia, are to be expoſed to heat in a 
retort. 'The acid of the latter becomes volatilized, while the 
ſtronger acid combines with the magneſia, and forms ſulphat and 
nitrat of magneſia. Boracic acid likewiſe e the muriatic 
acid by heat. 

Muriat of magneſia decompoſes the ſulphuric and nitric bade, 
with baſe of fixed alkali and ammoniac, by the way of double 

aſſinity; but in order to be aſſured that theſe decompoſitions 
take place, the mixture muſt either be evaporated, or ſpirit of 
wine added, which ſeizes the water; otherwiſe the new ſaline 
reſults will remain diflolved in the fluid, 
According to Mr. Dijonval, if the ſolutions of muriat of pot- 
aſh and of magneſia are mixed, the latter ſalt is precipitated in 
cryſtals, in conſequence of its ſtrong diſpoſition to cryſtallize, 
compared with that of the muriat of potaſh, which retains the 
water of ſolution. It is very difficult to conceive, admitting the 
opinion of this chemiſt, how. the muriat of potaſh, which is much 
inferior to the muriat of magneſia in point of ſolubility and de- 
liqueſcence, can deprive this laſt of the water which holds it in 
ſolution. If a ſolution of magneſian muriat be mixed with a 
ſolution of calcareous muriat, the former is precipitated in 
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eryſtal, according to the fame chemiſt. All theſe aſſertions re- 
quire to be confirmed by new experiments, before they can be 
admitted as part of the elements of chemical ſcience; It is yery 
probable that the precipitated cryſtals are not pure, but belong 
to the claſs of triple ſalts. 

Magneſian muriat is of no uſe; but we think it might be ad- 
vantageouſſy employed as an opening medicine; it is continually 
adminiſtered in ſmall quantities in Epſom falt, Sedlitz water, 
and the impure marine ſalts, theſe ſubſtances always contain- 


ing it. 
Species IV. Magneſian Borat. 

This name may be given to the combination 6f boracic acid 

with magneſia. It is ſcarcely known. Bergman obſerved, that 
magneſia, ed. to a ſolution of boracic acid, was diſſolved, 
though ſlowly. The fluid, by evaporation, affords granulated ir- 
regular cryſtals. 
This ſalt melts in the fire without decompoſition. Acids 
_ decompoſe it by combining with the magneſia, and diſengaging 
the boracic acid. Spirit of wine combines with the acid, and 
leaves the magneſia ſeparate : it does not therefore adhere ſtrong - 
ly to the acid of borax. 

Hence it appears, that for want of experiments, we are ig- 
norant of almoſt all the properties of this ſalt. 


Species V. Magneſian Fluat: 


The combination of magneſia with the fluotic acid which 
may be called magneſian fluat, is not more known than the mag- 
neſian borat. Bergman is the only chemiſt who mentions it. 
According to him, the fluoric acid rapidly diflolves magneſia, 
great part of the falt being depoſited in proportion as the fatura- 
tion is effected. 

I he ſolution affords, by ſpontanevus- evaporation, à kind of 
tranſparent froth, which hangs to the ſides of the veſſel, and 
preſents ſome long and very flender eryſtalline needles. Sparyy 
cryſtals are like wiſe formed at the bottom of tle veſſel in hexa- 
gonal priſms, terminated by a low pyramid compoſed of three 
rhombs. This falt is not changed by the moſt violent heat, and 
no acid decompoſes it in the moiſt way. It is one of thoſe 
neutral fluor ſalts, which deſerve to be particularly examined. 
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Species VI. Carbonat of Magneſia. 


This ſalt, denominated mild or efferveſcent magugſia by its dii- 
coverer, Dr. Black, is formed by the intimate union of magneſia 
with the carbonic acid. 

The carbonat of magnefia has moſt commonly the appearatice 
of an earth, or very white powder. However, Bergman, and 
Mr. Butini of Geneva, obtained it in a cryſtalline form by the 
proceſs we ſhall deſcribe below. It is capable of uniting with 
various quantities of its acid, as all cretaceous ſalts in general are; 
and its properties differ accordingly. Its taſte is crude and 
earthy ; but its effect ĩis more ſenſible oa the inteſtines, as ap- 
pears by its acting as a purgative. 

Expoſed to the fire in a crucible, its loſes its acid and water. 
Mr. 'Tingry, apothecary at Geneva, obſerved, that when it is cal- 
cined in large quantities, it boils, and has the appearance of a 
fluid ; a phenomenon produced by the diſengagement of its acid . 
gas. A light ſmoke ariſes from the crucible, which being depo- 
fited on the ſurrounding bodies, is found to be powder of mag- 
neſia, carried off by the current of carbonic acid. If a hot body 
be plunged therein, it adheres to it, according to the ſame che- 
miſt ; a cold ſubſtance takes up, by adheſion, a ſtill greater 
n towards the end of the operation, the magneſia ſhines, 
with a blueiſh and phoſphoric light, very ſenſible in the dark. 

If carbonat of magneſia be calcined in cloſe veſſels with a 
pneumatic apparatus, the water and acid may be preſerved. Mr. 
Butini, who made this experiment with great accuracy, affirms, 
that thirty-two grains of common magneſia, by which he means 
ſuch as is prepared for medical purpoſes, and is not entirely ſatu- 
rated with acid, contains about thirteen grains of pure earth, 
twelve grains of acid, and ſeven of water. Bergman eſtimates 
that this ſalt contains in the hundred, twenty-five or thirty parts 
of acid, thirty of water, and forty-five of pure magneſia, If it 
be more ſtrongly heated after it has loſt ics acid, its parts agglu- 
tinate, and become hard like pure or cauſtic magneſia. 

Carbonat of magneſia is not ſenſibly altered by expoſure to 
air; yet, as it gathers into lumps when kept in a moiſt place, it 
ſeems to be ſlightly deliqueſcent. 

Water diſſolves but an exceedingly ſmall quantity of this ſalt; 
and this ſolubility varies accordingly as the quantity of carbonic 
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acid is greater or leſs. If it be mixed with a ſmall quantity of 
water, it forms a kind of paſte, which is ſcarcely ductile, and 
dries without becoming firm, or contracting in its dimenſions. 
Common magneſia is ſoluble in the proportion of about a quarter 
of a grain to an ounce of the fluid, as may be aſcertained by eva- 
poration. But there are means of diſſolving magneſia in much 
greater quantities, as we ſhall preſently obſerve. 

Carbonat of magneſia is not decompoſed by the pure earths; 
lime deprives it of its acid by greater affinity. Lime-water 
poured into a ſolution of this ſalt, occaſions a very ſenſible pre- 
cipitate, however ſmall the quantity of this neutral ſalt may be. 
The precipitate conſiſts of carbonat of lime, and a ſmall quantity 
of pure magneſia, which is nearly inſoluble. 

Pure fixed alkalis and cauſtic ammoniac decompoſe it likewiſe, 
on account of their ſtronger affinity with the carbonic acid. In 
theſe mixtures, carbonats of potaſn, ſoda, or ammoniac, are form- 
ed, and the pure magneha is precipitated. 

The ſulphuric, nitric, and muriatic acids, decompoſe EP 
of magneſia, and render the analyſis of this neutral ſalt complete. 
They unite to magneſia, with which they have a ſtronger affinity 
. than the carbonic acid, and diſengage the latter in the aerial form. 

The carbonic acid may be known by its uſual characters. Mr. Bu- 
tini has obſerved that the acids diſengage leſs. carbonic acid than 
is extricated by the action of fire; for example, the muriatic acid 
diſengages more than the nitric, and the nitric more than the 
ſulphuric. Whence he concludes, that the neutral ſalts, formed 
by magneſia with acids, retain a portion of the carbonic acid. 

The carbonic acid renders carbonat of magneſia much more 
ſoluble than it is naturally. The new experiments of Mr. Butini 
depend chiefly on this circumſtance. He has diſcovered, that 
when common magneſia, which is not ſaturated with the car- 


bonic acid, is thrown into gaſeous water, or water charged with 


this acid, the magneſia immediately becomes ſaturated, by de- 
priving the water of a portion of the acid, and is not diſſolved, 
unleſs the water likewiſe contain a large quantity of the ſame 
acid. This ſolution converts ſyrup of violets to a green. When 
expoſed to the cold, it lofes its ſuperabundant air, but without 
any ſeparation of the magnefia, which remains perfectly com- 
bined, even when the water is frozen. If a ſolution of magneſia 
with exceſs of acid be heated, it becomes clouded, and reſumes z 
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kind of tranſparency by cooling. This fingular phenomenon pre- 
ſents, as Mr. Butini has well obſerved, a new kind of ſalt, whoſe 
character is that of being more ſoluble in cold than in hot water, 
The more a gaſcous ſolution is charged with magneſia, the moro 
quickly will its tranſparency be diſturbed by heat. In order to 
obſerve the tranſition from opacity to tranſparency by cooling, 
the ſame chemiſt direCts to take a ſolution, which contains two 
grains per ounce, and to heat it to 170 degrees of Fahrenheit's 
thermometer : it then becomes of a milky appearance, and all 
the magneſia, which precipitated by heat, is re-diflolved by 
cooling. 

Bergman having afſirmed, that the ſolution of magnefia char- 
ged with carbonic acid, afforded, by flow evaporation, cryſtals, 
ſome of which are in tranſparent grains, and others reſembling 
two collections of radii diverging from the ſame point; Mr. Bu- 
tini obſerved the phenomena of this cryſtallization with great 
care, He evaporated, by the gentle heat of a lamp, a ſolution 
charged with nine grains of the ſalt per ounce of water. A pel- 
licle was firſt formed at the top, whoſe under ſurface, as well as 
the ſides of the veſſel, had many tufts of cryſtals adhered to it. 
The reſidue preſented brilliant needles, compoſing ſmall hemi- 
ſpheric maſſes of diverging fibres. Theſe needles, which were 
not a line in length, being examined by the microſcope, were 
found to be long ſix- ſided priſms, truncated by a hexagon, and 


reſembling ſome ſpars. ' 


Mr. Butini has likewiſe diſcovered another method of u 
ſtallizing carbonat of magneſia; it conſiſts in expoſing to the: 
air an acid ſolution of this ſalt precipitated by heat. At the 


end of a few days cryſtals are obtained ſimilar to thoſe afforded 


by evaporation. Magneſia precipitated from Epſom falt by car- 
bonat of potaſh, and dried, affords no cryſtals ; but when it is 
mixed in water, flocks of an irregular figure are formed; but a 
ſolution of ſulphat of magneſia newly precipitated by the ſame 
ſalt affords needle- form cryſtals at the end of ſome days. The 
fame ſolution, ſeparated from its precipitate by the filtre, likewiſc 
afforded needles of magneſa. I have often obſeryed that a ſolu- 
tion of carbonat of magneſia prepared for chemical experiments, 
and preſerved i in well-cloſed glaſs veſſels, affords, at the end of a 
certain time, a large quantity of very fine brilliant needles, which 
examined by the Or, were found to be ſix- ſided prilans, 
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** neutral ſalts and carbonat of magneſia experience no 
change by ſolution in the ſame water, excepting only that they 
increaſe the ſolubility of the latter in water, according to Mr. 
Butini. Carbonat of potaſh, however, deprives it of this e 
1 neutral ſalts are decompoſed by double affinity by 
cfferveſcent magneſia. As lime has a ſtronger affinity with acids 
than magneſia, the decompoſitions. mult take place, in conſe- 
quence of the preſence of carbonic acid, to which lime has a 
ſtrong affinity, and quits its acid to ſeize this, provided another 
body be preſent with which the diſengaged acid can combine z 
conſequently, when a ſolution of carbonat of magneſia is poured 
into a ſolution of ſulphat of lime, calcareous nitrat or muriat, the 
ſulphuric, nitric, or muriatic acid, quits the lime to unite with 
the magneſia, with which it forms ſulphat, nitrat, or muriat of 
magneſia, while the lime combining with the carbonic acid, is 
precipitated in the form of chalk. 

Magneſia therefore acts in the ſame manner as ammoniac. 
When either of theſe are pure and cauſtic, they cannot decom- 
poſe calcareous falts, becauſe of the greater affinity of the lime 
to acids. But when they are united to carbonic acid, they then 
effect the decompoſition by double affinity. 

Carbonat of magneſia is uſed in medicine under the name of 
mica, or white magneſia; it was formerly made with the mo- 
ther- water of nitre evaporated to dryneſs, or precipitated by fix- 
ed alkali; it was firſt known by the name of Count Palma's pow- 
der, : powder of Sentinelli. It has likewiſe been called laxative po- 
lychreſt poꝛuder by Valentini, white magneſia of nitre, magneſia of 
common ſalt, becauſe it was likewiſe obtained from the mother- 
water of this laſt ſalt. But the medicine, ſo prepared, always 
containg calcareous earth, and other foreign ſubſtances. The 
magneſia at preſent uſed is commonly pregipitated from ſulphat 
of magneſia by the fixed vegetable alkali or carbonat of potaſh. 
Mr. Butini has deſcribed a proceſs for obtaining very fine mag- 
neſia in the greateſt poſſible quantity: a certain quantity of pot» 
aſh is diſſolved in double its weight of cold water, and expoſed 
to the air for ſome months, if time permits, that it may abſorb 
carbonic acid from the atmoſphere. This being filtered, a ſolu- 
tion of an equal weight of ſulphat of magneſia in four or five 
uuns its Wen of water is made; the ſolution is filtered, and 
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freſh water added in about fifteen times the weight of the ſalt. 


This liquor is heated, and when it boils, the alkaline ſolution is 


poured in. A precipitate of magneſia being formed, the mixture 


muſt be agitated and poured on a filter of paper. The precipi- 
tate muſt be waſhed on the filter with boiling water, to carry off 
the ſulphat of potaſh it may contain. It is then taken from the 
filter, and thinly ſpread on papers, to dry by the heat of a ſtove 


when dry, it is in white pieces, eaſily broken into a very fine 
powder, which adheres to the fkin. 


This magneſia combined with carbonic acid, as a purge, is to 
be preferred to that which is cauftic, becauſe it is mach more 
ſoluble ; it is given in the dofe of one or two ounces, according 
to circumſtances. Cauſtic magneſia, on the contrary, is prefer- 
able as an abſorbent, and-it is therefore neceflary to be provided 
with both; the principal reaſon of this preference of each, and 


the neceſlity of keeping both kinds of magneſia in the ſhops, has 


been well explained by Macquer, in a paper. preſented to the 
Royal Society of Medicine. When magnefia is adminiſtered as 
an abſorbent, it is intended to deftroy and neutralize a diſenga- 
ged acid in the firſt paſſages, as happens with infants, young 


girls, women in childbed, &c. The acid in the ſtomach is cer- 


tainly ſtronger than the carbonic acid; fo that when mild mag- 
neha is taken, it produces an efferveſcence proportional to the 
quantity of diſengaged acid in the - firſt paſſages. The carbonic 
acid, during this efferveſcence, diſtends the ſtomach, and often 
occaſions pain, nauſea, vomitings, difficulty of reſpiration, and 
many other ipaſmodic accidents, according to the fenfibility of 


the ſubject. In theſe circumſtances the pure magnefia is greatly 
to be preferred, as it abſorbs acidities with equal readinefs, and 


occaſions no effervefcence. 

When, on the contrary, magneſia is to be given as a purye, 
and in caſes where there are no ſymptoms of acidity in the firſt 
paſſages, the carbonat of magneſia may be uſed. The acid is 
not then diſengaged, and conſequently the accidents to be feared 
from that circumſtance do not take place. 

Mr. Butini propoſes an artificial mineral water made with ga- 
ſeous water charged with magneſia; he obſerves that ſuch a fluid 
may contain three drachms of magneſian earth in the pound, and 
is not more difficult to prepare than the other artificial mineral 
waters. The manipulation is abſolutely the fame in both, and 
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there is no doubt but it might in many caſes be uſed with ſuc- 
ceſs. nnn 
hume of the Annales de Chemie. 


CHAPTER IX. 


Genus V. ARGILLACEOUS WNEUTRAL SALTS, OR ALUMINQUS 
Sal rs. 


Vrar pure alumine combines well with moſt acids; and- pro- 


duces neutral falts, diſtinguiſhed by the appellation argillaceous 


or alumi nous ſalts. This genus of faline matters, if we except 


the firſt ſpecies, has not yet been examined by chemiſts with ſuf- 


ficient care, and therefore their properties are leſs known than 
thoſe of the four preceding genera. Aluminous falts are in ge- 
neral leſs perfect than all the neutral ſalts we have yet ſpoken of. 
They yield their acids to fixed alkali, n baryied; ene, 
and magnefia : their taſte is acrid and aſtringent. 

The preſent genus comprehends ſix fpecies ; alum, or ſulphat 
of alumine, argillaceous nitrat, argillaceous muriat, 2 
borat, aluminous fluat, and carbonat of alumine. | 


Series J. Sulphat of Alumine, or Alum. 


Alum is a neutral falt, formed by the combination of the ful- 
phuric acid with alumine or pure clay, and may therefore be 
named fulphar of alumine. Chemilts have not always been a- 
greed concerning the baſe of alum z ſome chemiſts have diſtin- 
guiſhed it from argil, and called it by the peculiar name of alu- 
minous earth, or earth of alum. Margraaf has ſhown, that earth 
of alum, kneaded up with filex in fine powder, forms clay. Hel- 
lot, Geoffroy, Pott, and eſpecially Baume, have formed true-alum 
with clay and the ſulphuric acid. And if the true characters of 
argil are to become ductile with water, to eontract and become 
hard by heat, the aluminous earth having all theſe properties in 
the moſt eminent degree, ought to be regarded as the pureſt clay. 
This opinion is at preſent univerſally admitted among chemiſts. 
Hence we ſee the neceſſity of diſtinguiſhing this earthy baſe of 
alum by the particular name of alumine: becauſe clay, we 
pure it may be, always contains ſilex. 
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1 _ © Sulphat of alumine or alum has a taſte at firſt ſweetiſh, and 

if afterwards ſtrongly aſtringent; it reddens blue paper; whence 
1 8 it appears that a portion of its acid is unſaturated: it aſſumes a 
very regular form, hereafter to be deſcribed. 

Alum is ſcarcely ever found pure in nature; it is ſometimes 
| found in the neighbourhood of volcanos, but always mixed with 
argil. Mineralogiſts, eſpecially Wallerius, have diſtinguiſhed 
i ſeveral ſpecies of native alum, ſuch as the ſolid alum, cryſtallized 
(| | alum, alum in effloreſcence, white, grey, brown, black, alumi- 
| nous earths, aluminous ſchiſti. 

F Several ſpecies of alum are found in commerce. 
itt 1. Rock alum, in conſiderable maſſes ; tranſparent. Bergman 
{ thinks that this name is derived from the city of Rocca, in Syria, 
| . now called Edeſſa, where the moſt ancient manufacture of this 
4 ſalt was eſtabliſhed, and not becauſe its form reſembles a rock, 
or ſtone, or becauſe it is obtained from rocks or ſtones, as ſeveral 
authors have affirmed. ' This ſpecies of alum is very impure. 
14 2. Roman alum, which is prepared in the territory of Civita 
it Vecchia, and obtained from a place, named in Italian, Alumi niere 
1 della Tolfa. This alum is in pieces of the ſize of eggs; it is co- 
Mi vered with a reddiſh effloreſcence, and is ſuppoſed to be pure 
ET when that effloreſcence is ſeparated. 
0 3. Naples alum, extracted from a peculiar earth at the Solfa- 
| tara; it is in larger maſſes than the Roman alum, and one of its 
Teal —— eryſtals. 
Ol. 4. Alum from Smyrna. The moſt ancient manufactures of 
| aw appear to have been eſtabliſhed near Smyrna and Conſtan- 
- tinople. This alum is only found in cabinets of natural hiſtory. 
5. Alum made in France. It is prepared in many manufac- 


tories, eſpecially at Javel, near Paris. 


| | | 6. Alum may likewiſe be extracted from alata ſchiſti 
| 1 and yolcanic products. I have extracted a conſiderable quantity 
| | from an earth ſent to me out of Auvergne. This ſalt may be 


lt extracted from many ſubſtances of the like nature found in 
15 France, by which means we might take this branch of trade out 
be the hands of foreigners. 

- Alum is likewiſe extracted from he and ſtones in many 
en of Germany, where there have been manufactories ſince 
the year 1544 3 and alſo in England, "_ in, and in moſt 
parts of Europe. | 
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Beckman has written the hiſtory of the manufacture of alum, 
in a long diſſertation, which may be ſeen in the Gottingen Acts. 
From the inquiries of this learned man it appears, that the ori- 
entals were the firſt who prepared or extracted alum from what 
the ancients, and Pliny in particular, called chin, trichites, cul- 
chites, and which they ſeem to have confounded with the alum ; 
and the evrrigiz of the Greeks appears rather to anſwer to the 
different ſtates of martial ſulphat, or green copperas. The Tta- 
lians took the alum manufactures in the neighbourhood of Con- 
ſtantinople on leaſe : about the year 1459, Bartholomew Perdix, 
or Pernix, a Genoeſe, diſcovered alum ore in the Iſland of Ifchia ; 
about which time Juan de Caſtro founded another at La Tolfa ; 


and a great number of manufaCtories were ſoon after eſtabliſhed - 


in Italy, more eſpecially when Pope Pius II. prohibited the im- 
portation of alum from the eaſt. This art was afterwards carried 
into Spain, Germany, England, and Sweden, towards the begin- 
ring of the ſeventeenth century. (Vide Beckman.) & 

The preparation of ſulphat of alumine varies tly in differ- 
ent countries, and according to the different matters from which 
it is obtained. Bergman, who has written a very valuable diſ- 
ſertation on this ſubject, divides the ſubſtances, commonly called 
alum ores, into two ſpecies, namely, ſuch as contain alum ready 
formed, and ſuch as contain only its principles. The firſt re- 
quire only to be lixiviated, in order to obtain the alum: the earth 
of Solfatara is of this kind, as is likewiſe that of Auvergne, be- 
fore ſpoken of. It is mixed with water, in leaden caldrons funk 
in the earth; the natural heat of the ſoil favours the ſolution and 
cryſtallization of the alum, which is purified by a ſecond folu- 
tion in water. The alum earth of Auvergne might be lixiviated 
in the ſame manner, and the alum made to cryſtallize in leaden 
caldrons by evaporation, 

The natural ſubſtances, which contain only the principles of 
ſulphat of alumine, are much more common than the foregoing, 
and require previous preparation. It is neceſſary either to cal- 
cine them, or to expoſe them to the air, according to their re- 
ſpeCtive natures. The aluminous ſchiſti muſt be calcined, in or- 
der to burn the bitumen which colours them, and to decompoſe 
the pyrites, which afford the alum. Bergman found, that this 


ichiſtus does not afford a particle of alum by waſhing with wa+ 
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ter before it is calcined. Expoſure to air produces the ſame ef. 
fect on pure pyrites, ſprinkled with water. The ſpontaneous 
decompoſition of theſe ſubſtances produces ſulphuric acid, which 
unites with the clay, and forms alum. The pyrites, fallen into 
efMoreſcence, are lixiviated with water, and the iron it contains 
is ſuffered to ſubſide z after which it is evaporated, and ſet to 
cryſtallize in caſks : the ſalt is depoſited in large cryitals. Strong 
ſoap lye is ſometimes uſed to forward the cryitallization. Such 
is the proceſs uſed in many manufactories; but theſe alums ob- 
tained from pyrites always contain iron; that which is extracted 
from ſtones, in which it exiſts ready formed, as the Roman alum, 
is much purer. The alum formed by the direct combination of 
the ſulphuric acid with clay, is often mixed with a certain quanti- 
ty of i iron, becauſe the coloured clay uſed in the preparation al- 
ways contains a portion of that metal. 

Sulphat of alumine, regularly cryſtallized, is a perfect octahe- 
dron, conſiſting of two tetrahedral pyramids, united at their ba- 
ſes. This form varies greatly, according to the circumſtances in 
which the cryſtallization is performed; the octahedron being 
more or leſs truncated, irregular, acute, flattened, and the cryſ- 
tals are often joined, and as it were ingluded one within another. 
Rome de Lille has carefully deſcribed all theſe varieties, in the 
late edition of his Cry/allographie. 

This falt melts with a mild heat, emitting abundance of aque- 
ous vapours, at the ſame time that it ſwells up, and becomes con- 
verted into a very large light maſs, of an opaque white, with a 
great number of cavities. 'This phenomenon is produced, as in 
borax, by the diſengagement of water, whoſe vapour blows up 
and extends the ſaline maſs. The alum in this ſtate is called cal- 
cined alum, and weighs little more than half its former weight. 
It is ſomewhat altered ; reddens the ſyrup of violets ; has a 
ſtronger taſte 3 and appears to have its acid diſengaged. If it be 
diſſolved in water, a ſmall quantity of earth precipitates : it may 
be cryſtallized, but it fearcely ſwells at all on being calcined a 
ſecond time, as Baume obſerves. If alum be calcined in an 
apparatus for diſtillation, water is obtained, which, towards the 


end, becomes acid; but it cannot be entirely decompoſed, ſince 
Geoffroy kept it erben ane 


three days and three nights, without producing )any remarkable 
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Ateration. Yet there is reaſon to think, that the changes pro- 
duceable in alum by a long continued heat have not yet been pro- 
perly examined into. 2 

Sulphat of alumine ſlowly effloreſces in the air, and loſes its 
„ cryſtallization. This ſalt is not very ſoluble in cold wa- 
ter, fince two pounds of that fluid diſſolved no more than four- 
teen drachms of alum, according to Baume ; but boiling wa- 
ter diſſolves more than half its weight, eight ounces of water in 
this ſtate diſſolving five ounces of the ſalt. It cryſtallizes very 
well by cooling. Its cryſtals are triangular pyramids, with trun- 
cated angles. When they are depoſited 'on threads in the mid- 
dle of the ſolution, very regular octahedrons are formed, whoſe 
pyramids are obliquely truncated at the middle, between the ver- 
tex and the baſe. | 

Silicious eartÞ does not ſenſibly affect this ſalt. It may, how- 
ever, be united to a much larger quantity of pure clay than it 
commonly contains. By this addition, its properties approach to 
thoſe of common clay, as Baume has obſerved. To faturate 
alum with its earth, a ſolution of this ſalt muſt be boiled with 
very pure clay, and the mixture kept heated till it has loſt the 
ſtyptic taſte of alum. If the combination be well made, its 
taſte is inſipid, ſweetiſh, and earthy. Baume obſerves, that by 
evaporation it affords leaves, or plates, reſembling mica. The 
Duc de Chaulne having expoſed for a long time to the air a lixi- 
vium of alum, ſaturated with its earth, found very regular cubi- 
cal cryſtals at the end of ſome months. Mr. Le Blanc likewiſe 
obtained theſe cubical cryſtals at pleaſure.” It is found that alum, 
ſaturated with its earth, cannot be eaſily reduced to its original 
ſtate of alum. 

Sulphat of alumine is dvcompeluble by barytes and dint 
which have a ſtronger affinity than alumine'to the ſulphuric acid. 
Sulphat of barytes, or of magnefſia, are produced in theſe eden. 
poſitions. 

Lime- water poured on a ſolution of this neutral ſalt precipitates 
its argillaceous baſe; fixed alkalis and ammoniac have likewiſe the 
property of decompoſing it. The carbonat of potaſh, ſoda, am- 
moniac, lime, and magneſia, likewiſe ſeparate the alumine which 
retains a portion of the carbonic acid, if the precipitation be made 
an the cold. But I have obſerycd, that the mixture of a hot ſo- 
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ed with efferveſcence and diſengagement of carbonic acid. 


. dually, has the form of flocks. When gently dried, it is very 
white; and decrepitates or flies to pieces in the fire, like clays, 


alumine are not well known : it is probable that theſe ſubſtances, 


aſſertion. The colour, tranſparency, hardneſs, and all the pro- 


tions of the ſubſtances which enter into its at. ki as the 


lution had no longer the taſte of alum, but that of a hard water, 
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lution of alum, with hot ſolutions of "alkaline carbonat, is attend. 


Alumine, precipitated by theſe different ſubſtances very gra- 


A ſtrong heat gives it a very conſiderable degree of hardneſs; at 
the ſame time cauſing it to contract much in all its dimenſions, It 
is not fuſible in the ſtrongeſt heat, not excepting that of the fo. 
cus of the lens of the garden De PInfante. It retains the laſt 
portions of moiſture with ſuch force, as not to be deprived of it, 
but by the moſt violent heat. It may be formed into a paſte 
with water, which may be baked into porcelain of an excellent 
quality. Alumine has therefore all the charaQters of argillaceous 
earths, and is the pureſt clay which can be procured, as Mac- 


quer obſerves. 
The effects of barytes, magneſia, lime, and pure alkalis, on 


eſpecially the laſt, would convert it into a vitreous frit by fire, 
Mr, Achard has made a ſeries of experiments, which prove this 


perties of this kind of glaſs vary according to the relative propor- 


diſſertation of that chemiſt ſhows. 

The ſulphuric acid readily diſſolves alumine when moiſt, and 
newly obtained, but does not act with equal rapidity when it is 
dry. This ſolution in the quantity of many ounces affords cry- 
ſtals of alum, mixed wi:h ſmall plates or ſcales, ſimilar to thoſe 
of mica. Baume dds, that if this experiment be {made in 
the ſmall way, the ſcaly ſubſtance only is obtained, and ſcarcely 
any alum z other acids likewiſe diſſolve this earth, and form faltz 
little known, which we ſhall mention in the following articles. 

The action of aluminous earth on neutral ſalts, has not been 
inquired into. But the moſt fingular property it exhibits, is that 
of combining by exceſs to ſulphat of alumine, and of giving it 
new characters, as we have already obſerved. Baume, the 
diſcoverer of this fact, boiled a ſolution of alum with the earth 
precipitated from another portion of alum, by means of fixed al- 
kali; the earth was diſſolved with efferveſcence, the filtered ſo- 
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did not redden the tincture of turnſole, but converted ſyrup of 


violets to a green. By ſpontaneous evaporation it afforded ery- 
ſtals, ſcaly and ſoft to the touch like mica. Baume com- 
pares them to ſelenite, or ſulphat of lime; it is not eaſy to com- 
poſe alum by adding ſulphuric acid to this ſaturated ſalt, the mix- 
ture becoming acid, but not ſtyptic. However, after ſpontane- 
ous evaporation for three months, the ſolution afforded eryſtals 
of alum mixed with ſome micaceous ſcales, fimilar to thoſe af. 
forded by alum ſaturated with its earth. Theſe are the reſults 
of the experimental inquiry of Macquer and Baume into the na- 
ture of aluminous earth. 

Alum heated with combuſtible - matters forms a Gomes 
which takes fire on expoſure to air, and is called the phoſphorus 
of Homberg. This chemiſt, who publiſhed an account of the 
Pyrophorus, in the year 1711, made experiments on human ex- 
crement for the purpoſe of obtaining a colourleſs oil poſſeſſing 
the property of fixing mercury into fine filver z the inquiry pro- 
duced many diſcoveries ; the reſidue of this animal ſubſtance di- 
ſtilled with alum, took fire on expoſure to the air. Homberg 
repeated this experiment a number of times, and always with 
ſucceſs. Lemery the younger, in the years 1714 and 1715, pub- 
liſhed two Memoirs, in which he affirms, that pyrophorus may 
be made with a great number of vegetable and animal ſubſtances 
heated with alum. But he did not ſucceed in his attempts to 
form it, with many other ſulphuric ſalts. Theſe two chemiſts, 
who ſuppoſed alum to be a combination of ſulphuric acid and 
calcareous earth, imagined that the latter being converted into 
lime attracted the humidity of the air, and that the ſulphur 
which they knew to be formed was inflamed by the heat produ- 
ced in the mixture. 

Since the time of theſe chemiſts, Le Jay de Savigny, Doctor 
of Medicine, has publiſhed excellent Memoirs concerning Pyro- 
phorus, in the third volume of the Memoires de Sgavans Etran- 


gers; wherein he. deſcribes a great number of experiments by 


which pyrophorus was made, not only with alum and different 
combuſtible bodies, as Lemery has done, but likewiſe with moſt- 
ſalts that contain the ſulphuric acid. This phyſician likewiſe 
propoſed a theory of the inflammation of pyrophorus expoſed to 


air, which has been univerſally received- till very lately. He 


thinks that pyrophorus contains glacial al of vitriel, which attract- 


— 
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ing the humidity of the air, and becoming ſtrongly heated, in- 
flames the ſulphur, and produces the ſpontaneous inflammation. 

Pyrophorus is uſually prepared by melting three parts of alum 
with one of fugar, honey, or flour, in an iron ladle. The mix- 
ture is dried till it becomes blackith, and has ceaſed to ſmell. It 
is then pulverized, and put into a matraſs or phial ſtopped with 
earth, which is placed in a crucible filled with ſand. Heat is ap- 
plied till a blueiſh flame appears to iſſue out of the neck of the 
phial. After this has continued ſeveral minutes, the crucible is 
taken out of the fire ; and when the whole is cool, the pyropho- 
rus is poured quickly into a' dry bottle, which is immediately 
well cloſed. This pyrophorus, on expoſure to air, takes fire the 
more quickly in proportion as the air is more humid. The com- 
buſtion is haſtened by any humid vapour, ſuch as that of the 
breath. If the pyrophorus be heated for two long a time, it 
will not take fire. When kept in an imperſectly cloſed veſſel, it 
gradually attrafts humidity, and loſes its power of ſpontaneous 
 mflammation ; but this may be reſtored by calcining it again 
with the precautions before-mentioned. 

Such as the ſtate of our knowledge before the Memoirs of Mr. 
Prouſt were publiſhed in the Journal de Medicine, for July 1778. 
Th : -miſt having met with a great number of pyrophoric re- 
dues, in which the exiftence of the fulphuric acid could not be 
ſuſpected, concluded that the {pontancous. inflammation of pyro- 
phorus is not occaſioned by that acid. By a very ſimple experi- 
ment he ſhows, that it does not contain a particle of diſengaged 
ſulphuric acid, ſince he finds that the addition of water does not 
produce heat. From the enumeration of the different pyrophori 
which he obtained, it appears that all ſubſtances which after 
this decompoſition leave a carbonaceous reſidue, divided by an 
earth or metallic calx, are ſuſceptible of inflammation by expo- 
ſure to air. But-it cannot be ſaid that any part of Mr. Prouſt's 
experiments, which he has yet communicated, point out the 
cauſe of the inflammation of Homberg's pyrophorus, which, ac- 
cording to him, differs from thoſe he has obſerved. His me- 
moirs, in fact, teach us nothing concerning the ſubſtance we are 
treating f. 

Mr. Bewly, an Engliſh ſurgeon, attributes the inflammation of 
pyrophorus to a ſubſtance capable of attracting the nitric acid of 
the atmoſphere. He adopted this opinion on diſcovering, that 
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ſpirit of nitre immediately inflames pyrophorus which has not 
been ſufficiently calcirled, or is loaded with moiſtute.” But on 
the one hand, it is not proved that.the nitric acid exiſts ready 
formed in the atmoſphere z and, on the other hand; Mr. Prouſt 
has diſcovered that the inflammation of pytopherus by the fpitit 
of nitre ariſes from the carbon contained in the former, ſince 
that acid detonates with all dry earbonaceous matters in 2 tate 
of extreme diviſion, as we ſhall more amply explain at the article 
Charcoal. Mr. Bewly's theory does not therefore e more 
ſatisfactory than that of the chemiſts who preceded nimm 
The cauſe of this phenomenon can only be diſcovered by an 
accurate inquiry into the chemical nature of Homberg's pyropho- 
"rus. It appears to contain earth of alum, earbonaceous matter in 
a ſtate of extreme diviſion afforded by the honey, fugar, &c. 
a fmall quantity of potaſti and ſulphur, partly united to the 
earth of alum, and partly to the alltali. © When pyrophorus is 
ſtrongly heated” in the pneumato- chemical apparatus, 2 large 
quatitity of ſulphurated hydrogenous or hepatic gas is obtained ; 
and when deprived of this, it is found to be no longer inflam- 
mable on expoſure to air. If pyrophorus be immetſed in a veſ 
fel of vital air, it burns rapidly with a very brilliant red flame: 
By waſhing this ſabſtance in warm water, à true ſulphat is aft 
forded, and carbonaceous matter with alumine are leſt on the 
filter: the pyrophorus is then decompoſed: Pyrophorus after 
combuſtion is found to be Increaſed by the portion of oxygen it 
has abſorbed : it then affords ſulphat of alumine, becauſe the ſul · 
phur burned by the action of the air forms fulphuric acid, which 
unites to the alumimous earth; but this falt is found to be alu 
faturated with its earth. | 

The Journal de Phyfique for Norenber 1780, Tontsäte obſer. 
vations on pyrophorus 3 ; in which it is affirmed, 1: That this ſub- 
ſtance owes its combuſtibility to a certain quantity of phoſphorus 
formed by the acid of mucilaginous matters. 2. That an ounce 
of pyrophorus, by diſtillation, affords" from five to ſeven grains 
of phoſphorus. 3. That pyrophorus may be immediately form - 
ed by triturating in an iron mortar fifty. four grains of flowers of 
ſulphur, thicty-fix of very dry charcoal of willow, and three of 
common phoſphorus. The particulars of this analyſis does not 
perfectly juſtify the coneluſions; becauſe it does not ſhow that 
true phoſphorus was obtained. But the Memoir contains many 
Vel. II. E 
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intereſting facts which, cannot but be uſeful to chemiſts, who 
propoſe to undertake a courſe of —— on the nature of 
pyrophorus. 

Alum is of very extenſive uſe in medicine; it is open as 
an aſtringent, but it ought not to be internally adminiſtered with- 
out great precaution; it is moſt commonly applied externally as 
a powerful ſtyptic and deficcative, with which intention it is uſed 
in the compoſition of plaſters, collyriums, &c. 

Alum is one of the moſt uſeful ſalts in the, arts. The makers 
of candles mix it with tallow to render that ſubſtance firm and 
hard. Printers. rub their balls with calcined alum, that they 
may take the ink. Wood impregnated with a ſolution of alum 
is not burned without great difficulty, for which reaſon it has 
been propoſed as a means of ſecuring ediſices from the effects 
of fire : it has the ſame eſfect on paper, which, however becomes 
yellow, and alters in a ſhort time. 

\ Bleachers throw a ſmall quantity of alum into water, to render 
it clear. Baume ſuppoſes that the ſalt becomes charged with 
a portion of the earth ſuſpended in that fluid, and forms an 
inſoluble compound, which precipitates. Some uſe this method 
of rendering water elear for drinking. It is alſo uſed in the pre- 
paration of ſkins, and to impregnate paper and cloths, which are 
intended to be printed. 

A ſolution of alum retards the putrefaction of animal ſubſtan- 
ces, and affords a very uſeful as well as economical means of 
preſerving the natural produCtions imported from foreign coun- 
tries. Earth of alum is the body or ſolid matter of paſtils or 
crayons, Laſtly, It is the foul of the art of dyeing, as Macquer 
calls it; it augments the intenſity and brilliency of colours, and 
gives ſolidity to colouring extractive matters, which would elſe 
be periſhable, and eaſily diſcharged by water. This laſt men- 
tioned aCtion of alum on vegetable colouring matters ſhall be 
examined in the hiſtory of thoſe ſubſtances z where it will be 
ſeen that alum gives them ſolidity, by changing their nature, de- 
compoſing them, and rendering them inſoluble in water. 


Ppecies II. Aluminous Nitrat. 


Baumẽ᷑ affirms that the nitric acid completely diſſolves the 
earth of alum. This ſolution is limpid, and much more aſtrin- 
gent than that of alum. By ſpontaneous evaporation it affords 
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ſmall pyramidal cryſtals very ſtyptic and deliqueſcent. The other 
properties of this ſalt have not yet been examined; and it is on- 
ly known, that the ſame intermediums decompoſe this ſalt and 
alum. It has not yet been found in nature, but is always produ- 
eed by art. 1 | 


Species ITT. Aluminous Muriat. 


The muriatic acid diſſolves aluminous earth more readily 
than the nitric acid. This ſaturated ſolution is gelatinous, and 
cannot be filtered without dilution in a large quantity of water. 
Its taſte is ſaline and ſtyptic ; it reddens ſyrop of violets, and 
afterwards converts them to a green. By ſpontaneous evapo- 
ration it affords very ſtyptic cryſtals, whoſe form has not been 
examined, Lime-water decotnpoſes it. It is deliqueſcent, and 
is always produced by art ; its other properties have not yet 
been diſcovered. 


Species IT. Aluminous Borat. 


The combination of boracic acid with the earth of alum, 
which we call aluminous borat, has not yet been obſerved. It 
is only known, that if a ſolution of borat of ſoda be added to 
a ſolution of aluminous ſulphat, a light and fleecy precipitate 
is formed. The ſulphuric acid quits the alumine to unite with 
the ſoda. This earth combines with the botacic acid, which is 
at the ſame time ſeparated, and the new ſalt is gradually re- 
diſſolved. The liquid precipitated by fixed alkali, affords by 
evaporation, a viſcid and aſtringent maſs, in which ſulphat of 
ſoda and aluminous borat are confounded together. This ſpe- 
cies of borat is decompoſable by the ſame ſubſtances as alum 
its properties have not yet been examined with ſufficient care. 


Species V. Aluminous Fluat, 


By this name we indicate the combination of fluoric acid 
with alumine. This neutral ſalt is not known, Scheele, 
Boulanger, and Bergman, ſay nothing of this combination. 


| Species PL Aluminous Carbonat. 


Though the union of the carbonie acid with elay has been 
hitherto ſcarcely examined, yet it it is certain that à portion of 
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this acid combines with aluminous earth; becauſe, x. Accord- 
ing to the remark of Bergman, when a ſolution of alum is pre- 
cipitated by the alkaline carbonats, the filtered liquor, depoſits, 
at the end of a certain time, a ſmall quantity of earth, which 
was held in ſolution by the carbonic acid, and is ſeparated in 
proportion as that acid flies off. 2. This precipitation, when 
made in the cold, is not attended with efferveſcence, and a por- 
tion of the carbonic acid ſeparated from the alkali,” appears to 
combine with the alumine, while another portion Hecomes diſ- 
ſolved i in the fluid. 

It is likewiſe acknowledged, from the ole of 1 ar- 
gillaceous earths, by modern chemiſts, that they contain the 
carbonic acid; for they efferveſce, when Lact in the ſul- 
Furie © or muriatic acids, | 


| ' CHAPTER x. 


, Genus VI. NEUTRAL SALTS WITH BASE, OF BARYTES: / 


Burns forms, with acids, neutral ſalts different from all 
ſuch as we have hitherto examined, not only in their form, 


taſte, and ſolubility, but likewiſe in the laws of their decompo- 
fition.. The earthy alkaline baſe, which conſtitutes them, has 
a ſtronger affinity than the three alkalis aud the other earths 


with acids. It is therefore neceſſary that theſe alkaline ſyb- 


ſtances ſhould be united with the carbonic acid, in order to ſe- 
parate this baſe, and decompoſe barytical ſalts, Theſe ſalts are 
fix in number; namely, barytical ſulphat, or ponderous ſpar, 
barytic nitrat, bazytic muriat, barytic borat, barytic fluat, and 
barytic carbonat. To theſe fix ſalts muſt be added the combi- 
nations of barytes, with the tungſtenic, arſenical, molybdic, and 
ſuccinic acids ; but theſe being much leſs known, will be treat- 
ed of in the hiſtory of theſe four acids. 


Species J. Barytic Sulphat, or Ponderous Spar. 


Ponderous ſpar, hitherto conſidered as a ſtone, becauſe it has 
neither taſte nor ſolubility, is the reſult of a combination of the 
falphuric acid with barytes : it ought to be named dbarytc ſul- 


t 
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phat. This earthy ſalt has hitherto been confounded with 
fuor ſpar, or calcareous fluat, by many naturaliſts, and in fact 
it breaks in the ſame manner, and does not efferveſce with acids ; 
but its form, its imperfect tranſparency, and eſpecially its great 
weight, are ſufficient to diſtinguiſh it. A ſingle chemical cha- 
racter likewiſe anſwers this purpoſe ; for if a ſmall quantity of 
ſulphuric acid be poured on this ſpar reduced to powder, no 
vapour of any kind is diſengaged, nor ſmell perceived; where- 


gas the calcareous fluat, or fluor „if treated in the ſame 


manner, gradually emits a penetrating vapour, which forms a 
white ſmoke when it comes into contact with air, and is eaſily 
known to be the fluoric acid. Other naturaliſts have con- 
founded it with ſome varieties of ſelenite, or ſulphat of lime; 


but this laſt has neither the ſame form, nor the ſame inſolubi- - 


lity, and is decompoſed by pure or cauſtic fixed alkalis ; where- 
as ponderous ſpar 1s not altered by thoſe ſalts. ' 

Barytic ſulphat is found in large quantities. Ie moſt com- 

monly accompanies metallic ores ; it is either cryſtallized, or 
in irregular maſſes, but is always diſpoſed in layers of various 
thickneſs and extent. Its hardneſs is conſiderable, thou gh it 
does not give fire with ſteel, Its principal varieties are the 
following : 

* 
Varieties. 

1. Barytic ſulphat, or white ponderous ſpar, ſemi-tranſpa- 
rent, cryſtallized in fix-fided priſms, two fides very large, 
four very ſmall, terminated by dihedral ſummits. Theſe 
cryſtals are obliquely placed on maſſes of-the ſame nature; 

they reſemble long ſquare plates, whoſe four ſides have 
been cut diamond-ways. They are often covered with 
rhomboidal yellow cryſtals. This ſpecimen, as well as 
the following, is called ponderous ſpar in tables: 

2. Barytic ſulphat, or ponderous ſpar, of a milky white, in 
tables, without chamfered edges. It is not regularly cry- 
ſtallized, but is formed of thick layers placed on each o- 
ther ; it is often incruſted with a red powder of filver ore, 
or pyrites. 

3. Barytic ſulphat, or ponderous /par rounded, and ſemi- cha- 
toyant, Bologna ſtone. It is compoſed of many converg- 
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ing fibres, which unite into lamine, applied on each o- 
ther. This variety is the moſt known on account of its 
phoſphoric property, it has evidently been worn round by 


water. 


4. Barytic ſulphat, or octahedral panderous ſpar; the ſummits 
of the pyramids are often truncated, which form a deca- 
hedron. The length of its ſides, or the truncature of its 
angles, likewiſe exhibits other varieties, 

5. Barytic ſulphat, or dodecahedral ponderous ſpar; it has the 
form of ſome garnets and pyrites, and 1s more rare than 
the former, 


6. Barytic ſulphat, or pyramidal ponderous Py This va- 
riety, as well as the foregoing, is indicated in Dauben- 


ton's table. 

I have conſidered as a variety of ponderous ſpar, the ſpar call. 
ed pearly (perle) which was formerly elaſſed, like moſt of the 
foregoing, among the ſelenites. This ſpar is formed of ſmall 
rhomboidal plates, uſually brilliant, and placed obliquely one 
over the other. It is opaque, brilliant, as it were micaceous, 
and ſprinkled on calcareous ſpar, or quartz, or on the firſt va- 
riety we have deſcribed, It is of a yellow or dirty green co- 
lour, and ſometimes of a filvery white. Accordipg to the 
Abbe Hauy, it is a true calcareous ſpar, 

Margraaf, who examined many varieties of barytic ſulphat, 
ſuch as the Bologna ſtone, and white opaque ponderous ſpar, 
ſuppoſed it to be a true /elenite or calcareous ſulphat, mixed 
with a ſmall quantity of clay, which rendered it inſoluble ; but 
Gahn, Scheele, and Bergman, find that it contains a'pecyliar 
earth, which we have diſtinguiſhed by the name of barytes. 
Monnet likewiſe found, that its baſe differs from calcareous 
earth, by the ſalts it forms with acids; but that chemiſt ad- 
mits it to contain ſulphur ready formed, and conſiders porderous 
ar as an earthy liver of ſulphur in a cryltallized ſtate. 

Barytic ſulphat melts by a violent heat, ſuch as that of the 
porcelain furnace, &c. and affords a coloured glaſs, A low 
heat does not at all change it. If it be taken into the dark, af- 
ter it has been heated rather ſtrongly, it exhibits a vivid blue- 
ich light. Lemery reports, that an Italian ſhoemaker, named 
Vincenzo Caſciarolo, firſt diſcoyered the phoſphoric property 
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of the Bologna ſtone. This man found it at the foot of Mount 
Paterno, and from its brilliancy and weight was led to ſuppoſe 
that it contained ſilver. Having expoſed it to the fire, doubt. 
leſs with the intention of diſcovering that precious metal, he 
obſerved that it was luminous in the dark; a diſcovery which 
engaged his attention, and was frequently repeated with ſuc- 


ceſs. Many philoſophers and chemiſts have fince examined 


this phenomenon, and have varied the method of calcining the 
Bologna ſtone in many reſpects. The works of La Poterie, 
Montalban, Mentzel, Lemery, Homberg, Dufay, and Mar- 
graaf, contain many proceſſes of this nature. 

It is now known that this ptoperty 13 common to all the va- 


rieties of barytie ſulphat. The proceſs conſiſts in heating them 


red hot in a crucible, reducing them to powder in a glaſs mor- 
tar, and forming the ſame into a paſte, with a ſmall quantity 
of mucilage of gum tragacanth, in pieces of the thickneſs of 
the blade of a knife. Theſe being dried, are ſtrongly calcined 
by placing them in the middle of the coals of a furnace which 
draws well, When the coal is all conſumed, and the furnace 
grown cold, the pieces are cleanſed from the aſhes by means of 
a bellows, If theſe be expoſed to the light for a few minutes, 
and afterwards carried into an obſcure place, they ſhine like a 
burning coal. They even ſhine when immerſed in water. 
They loſe this property by degrees, but recover it on being a- 
gain heated, Many other ſubſtances likewiſe exhihit this ap- 
pearance, Magneſia, chalk, calcareous ſulphat and fluat, &c. 
become luminous after having been heated. Macquer obſerved 
the ſame property in earth of alum, ſulphat of potaſh, Brian. 
con - chalk, black flint calcined, which proves, that the pre- 
ſence of an acid is not abſolutely neceſlary for the production 
of this phenomenon, though it ſeems in ſome. reſpect to con- 
tribute to its inteuſity. | 
Barytic ſulphat, heated in a retort, afforded no product, and 
was not at all altered by the operation, as Margraaf afhrme. 
This ſalt is perfectly inſoluble in water, and is not acted on 
by earths or ſalino-terreſtrial ſubſtances. Pure fixed alkalis do 
not decompoſe it. This laſt is one of its moſt ſingular proper- 
ties. In fact, the other earthy and ſalino-terreſtrial ſubſtances 


have leſs affinity than fixed alkalis to the ſulphuric acid; but 
E. in 


— —— — CCCEIINY 


i _ SULPHAT OF BARYPES. 


: | | barytes, on the contrary, has more. Whence we have ob- 

| | ſerved, after Bergman, that this earth decompoles the ſulphats 

. of potaſh and. ſoda, as it does likewiſe ſalt containing ammo- 
! —_— | 


11 Mineral acids have no action on ſulphat of barytes, becauſe 
| 15 ; the ſulphuric acid adheres more ſtrongly than any other to the 
it is earth, which forms the baſe of this ſalt. Neither do neutral 


| ſalts produce any change in it, if we except the carbanats of 
| | potaſh and ſoda, which produce a decompoſition by double af- 
 finity. The barytes is ſeparated from the ſulphurie acid, be- 
] cauſe it is attacked by the carbonic acid, at the ſame time that 
ene of the alkalis ſeizes the former acid. To produce this de- 

| = compoſition, a mixture of two parts of carbonat of potaſh, 
1 and one part of ſulphat of barytes reduced to powder, are 
0 ftrongly heated in a crucible. Ihe matter which is ſemi-vitri- 
160 | fied is to be waſhed in diſtilled water; and the liquid, after fil- 
115 - tration and evaporation, affords ſulphat of -potaſh : the ſub- 
ll | ſtance which remains on the filtre is carbonat of barytes ; 
1 which, when well waſhed, is in the form of a very white and 
[ | 3 fine pulverulent matter, but uſually impure, becauſe it always 


contains a portion of ſulphat of barytes, which has eſcaped 
the decomp ofition, | 
Wilts | Combuſtible ſubſtances having the property of decompoſin 
1. this earthy ſalt, may like wiſe be employed to obtain its baſe, 
[| q When pulverized ſpar is expoſed to a red heat in @ crucible 
| for two or three hours, together with oncgfghth of its weight 
of charcoal in powder, if the matter be Fred into diſtilled 
water, it immediately communicates a yellow colour to the 
fluid, together with every other character of a ſolution of an 
earthy ſulphure. The charcoal having, deprived the ſulphuric 
acid of its oxygen, the ſulphur, ſet at liberty by this decom- 
poſition, unites to the barytes, which reduces it to the ſtate of 
2 ſulphure or hepar. The ſulphur is precipitated from this ſo- 
lution by means of an acid. The muriatic acid is preferred, 
becauſe it forms with ponderous earth a ſoluble ſalt, whereas 
the ſulphuric acid would re-compoſe the inſoluble ſulphat of 
barytes. The liquid is then filtered, and the ſulphur ſeparat- 
ed. The muriat of barytes contained therein is decompoſed 
by a ſolution of carbonat of potaſh; and the barytes combin- 
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ing with the carbonie acid, is. precipitated, . The latter may 
be ſeparated by calcination. This proceſs, which I. have per- 
formed a great number of times, affords but a very ſmall 
quintity of barytes ; and the quantity of ſulphur on the filter, 
precipitated from the hepar by the muriatio acid, is likewiſe 
very inconſiderable, unleſs the ponderous ſpar has been rouge 
ly heated. To accelerate the decompoſition of this earthy, ſalt, 
Bergman and Scheele have recommended the addition af about. 
one-fourth of ed /alt of tariar, to the mixture of ſulphat of 
barytes and coal, By this means the fuſion is rendered much 
more complete, and the ſulphur and barytic. ne 6 
eaſily ſeparated. 

From theſe proceſſes for the decompoſition of falphar: of 
barytes, as well as from every other property of this ſalt, it is 
evident how much the earth, or falino-terreſtrial ſubſtance, 
which conſtitutes its baſe, * een 
namely, clay, lime, and magneſia. 

Sulphat of barytes is not applied to any uſe v, Fl ' Phoſpborio 
cakes are prepared of this ſabſtance, and the ponderous nh 
is extracted for chemical nun X 


a 


Species II. Nitrat of Barytes. 3 


The nitric acid readily unites with barytes, and 8 a 
neutral falt, in large hexagonal cryſtals, or ſmall irregular 
ones, according to Mr. D'Arcet. It is not obtained in * 
cryſtalline form without conſiderable difficulty. 

Barytic nitrat is decompoſed by fire, and affords vital air. 

It attracts the moiſt ure of the air, and nevertheleſs requires 
a conſiderable quantity of water to hold it in ſolution. 
Neither pure alkalis, not ſaud, ang lime, or magnolia, 
decompoſe it. 

The fulphurie- acid; ERS on a Golation of barytie nitrat, 
immediately precipitates ſulphat of barytes; the fluoric acid 
likewiſe ſeizes its baſe. 


— Mannen n ä _— 
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» * Dr. Withering, in the Philoſophical Tranſactions for 1784, Part M. points out 
a ; valuable chemical purpoſe, to which the barytic muriat may be applied; name- 
ly, the purification of the marine acid from the admizeure of ſulphurie acid, by 
which it is often adultetated. The ſolution of this ſalt cauſes the ſulphuric acig 
te ball ta ebe boden together wich the, carth; in. the form. of popdergua NN 
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Alkaline carbonats decompoſe it by double affinity. 
— 1 pI + OE known. 


Species III. Muriat of Barytes. 


This ſalt has not been more examined than the foregoing, 
Bergman affirms, that it is cryſtallizable, and of difficult ſolu. 
tion; its cryſtals are ſquare and long, . 3 

ous ſpar in tables. | 

Silex, alumine, lime, magneſia, or pure alkalis, have no ac- 
tion on this ſalt, and do not precipitate its principles, 

The ſulphuric and fluoric acids decompoſe this ſalt by com- 
bining with its baſe, 

The carbonats of potaſh and ſoda — the baryres 
combined with the carbonic acid. | 

Bergman reckons muriat of barytes among the moſt ſenſible 
re- agents, and propoſes it for detecting the ſmalleſt poſſible 
quantity of ſulphuric acid contained in any mineral water. 
One or two drops of a ſolution of this ſalt poured into about 


| three pounds of water, containing twelve grains of cryſtals of 


ſulphat of ſoda, immediately produce white ſtriæ of ſulphat 
of barytes, formed by the double decompoſition of theſe two 
ſalts, and by the union of the ſulphuric acid with the barytes, 
the muriat of ſoda remains diſſolved in the liquid. All ful. 
phuric ſalts are equally affected by this re- agent, which decom- 
poſes them, and affords ſulphat of barytes. 


| Species IV. Barytic Borat. 
+ The combination of boracic acid with barytes is not at all 


hn 
Bergman affirms that the acid of borax is one of thoſs which 


hd the leaſt affinity with this ſalino-terreſtrial ſubſtance, and 
places it in his table below moſt of the n and animal 


acids. 


\ 


Species V. Barytic Fluat. 


This ſalt is not more known than the foregoing, and, with 
many other ſaline ſubſtances not yet examined, affords matter 
for experimental 1 inquiry. 


Bergman, in his diſſertation on Elective AttraQtions, affirms, 


. 


Pa 
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that the fluoric acid poured on a ſolution of nitrat, or muriat 
of barytes, occaſions a- precipitate; and that this precipitate 

efferveſces with the RY acid, W diſengages the fluoric. 
acid. 

- This experiment proves, that the fluoric acid has a ſtronger 
affinity than the nitric and muriatic acids with barytes, and 
that it forms with this ſalino-terreſtrial ſubſtance a ſalt much 
leſs ſoluble than barytic nitrat or muriat, 


Species VI. Carbonat of Barytes. 


Barytes is capable af uniting with the carbonic acid, and 
forms a kind of neutral ſalt poſſeſſed of peculiar properties, 
and which ſeems in ſome reſpects to reſemble clay. 

It has already been obſerved, that ſulphat of barytes, and 
all the ſalts of whick this earth 1s the baſe, are decompoſed by 
alkaline carbonats, by virtue of the affinity of barytes with 
the carbonic acid. In theſe decompoſitions, barytic carbonat is 
precipitated, - This ſpecies of ſalt is likewiſe obtained by ex- 
poling a ſolution of this pure falino-terreſtrial ſubſtance to the 
air. The ſurface becomes {lowly covered with a pellicle, which 
efferveſces with acids; a phenomenon which ariſes from the 


_ carbonic acid of the atmoſphere combining with the earth, and 


rendering it leſs ſoluble; in the ſame manner as lime is ſepa- 
rated from lime-water. This fa& exhibits a ſtriking analogy 
between theſe two ſalino-terreſtrial ſubſtances, which differ ſo 
much from each other in many other reſpects. 
Barytic carbonat, when expoſed to heat, loſes its acid. If 


it be heated in a retort, or in a matraſs, to which a pneumato- 
chemical apparatus is adapted, the acid is obtained in its na- 


tural or gaſeous form. The laſt portions are not ſeparated 
without great difficulty, and by an extreme heat. 

All the mineral acids decompoſe this ſalt, and diſengage the 
carbonic acid, with a ſtrong efferveſcence, which diſtinguiſhes 
it from pure barytes, Bergman eſtimates that this ſalt con- 
tains in the hundred, ſeven parts of carbonic acid, fixty-five of 
barytes, and eight of water. 

Water does not diſſolve carbonat of barytes in any ſenſible 
quantity; but when the fluid itſelf is ſaturated with carbonic 
acid, it diſſolves about the x550th of its weight. Hence we 
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| 

| 1 may perceive, that carbonat of barytes is leſs ſoluble in water, 

14 ö than when pure or cauſtic, ſince in the laſt mentioned ſtate a- 

wt * bout the gooth part is taken up according to Bergman. In 

| OY this reſpect, therefore, it reſembles carbonat of lime; from 

1 | : which, neverthelefg, it differs in a great number of other pro- 
perties, particularly in the ſalts which it forms with acids, as 

we have already ſeen in the examination of theſe ſalts. 

Carbonat of barytes is not applied to any uſe 


il . CHAPTER XI. 


[7 | SALTS WITH EACH OTHER. 


Azrrr having exhibited the ſtate of our knowledge, as far as 
1138 it reſpects the properties of all the known — — we 
„ | think it neceſſary to give a ſhort n 
N racters, properties and mutual attractions. 

Fi I. Salts are diſtinguiſhed by four general properties; tafte 
N tendency to combination, ſolubility, and incombuſtibility. Theſe 
HR properties have very different degrees of energy, and "theſe 
| degrees conſtitute the moſt eſſential um — ak be- 


| 

| 148K . 

A © RECAPITULATION er FACTS, AND COMPARISON OF THE MINERAL 
| 


Wl! tween them. 

1 — ——— Seiler ys: 
1 nera. 1. The ſalino- terreſtrial ſubſtances, which unite the 
1 earthy to the ſaline properties. 2. Alkalis, which have an urin- 


TRE i 6 

I { ous taſte, and change the colour of many vegetables from blue 
Nil | | to green. 3. Acids known by their ſour taſte, and the red co- 
| 4 N lour they produes with blue vegetable ſubſtances. 4. Mean, or 
i ; neutral ſalts, which differ _—_—y the . by their weaker 
| 
| 


ꝓ—ũ— 


| i C Dr. Withering, in his valuable paper on the Native Carbonat (Phil. Tranſ. for 
+18 2784), obſerves, (1) That it reſembles a lump of alum, but is compoſed of ſpiculæ. 
it F (2) That its ſpecific gravity is from 4,300 to 4,338. (3) That 100 parts contain 78,6 
138 ports of pure barytic carth, 6 ſulphat of barytes, and 20,8 of carbonic acid (4) That 
|W it will not bura to lime, as the artificial carbonat of barytes does; but when urged 
1 oy by beat, becomes firſt opaque, and, aſterwards melts; a pecullarity, which the 
| 


il To@or thinks, ariſes from water not being preſent. The many other curious and 
iatereſting ſas eontaĩned in the Diſſertation, cannot be abridged into a note, bue 
they are well worthy the reader's attention, T. 


&c. 201 

III. There are 3 falino-terreſtrial 1 ·”[!ò„ — re 
earth ot harytes, magneſia, and lime. Their properties ate 
known, but not their compoſition. No chemiſt has yet ſue- 
ceded in ſeparating their component parts, and forming them 
again by combination. They are therefore: fimple. or elemen · 
tary ſubſlances, with reſpect to the preſent ſtate of ſcience, 
though we may * l nn in our attempts ta 
decompaſe them. oA AV 
IV. Three alkaline — 3 
vegetable alkali, falt of de ers ſoda, called alſo the mineral allali, 
or marine alkali ; and ammoniac, or the volatile alkah. The two 
firſt are dry, ſolid, cauſtic, fufble, deliqueſcent, &c. not di- 
tinguiſbable fram each other when. pure, hut eafily known by 
3 No experiment has yet ſhown their anti» 
te compoſition; their principles have not been n 
ito have they yet been formed by any combination. 

- That opinion which — —u— 
and earth, is merely an ingenious hypotheſis, which cannot be 
maintained, becauſe: ſupported by no plauſible fat. Ammo- 
niag differs. from the two foregoing. becauſe it exiſts in the 
form of an elaſtic fluid of a very penetrating ſmell, &c. It is 
at preſent more than ſuſpected, that it: is a compound. of two 
gaſes, inflammable gas or hydrogen and atmoſpheric mephitis or 
azot ; that it is decompoſed in many operations, and, formed 
again in others. It would. appear that the two fixed alkalĩs alſo 
contain azot, and that this ſubſtance may be conſidered. as the 
alkaliſiant principle, or as a/haligine. 

V. The well known acids are fix in number ; the carbonic, 
the muriatic, the fluoric, the, nitric; the ſulphurie, aud the 
boracic. All have peculiar and diſtinctive properties. The 
carbonic, muriatic, and fluoric acids, aſſume the elaſtic or aeri- 
form ſtate very readily ; the ſulphuric and nitric acids do not 
aſſume it with equal facility; the boracic acid is concrete and 
cryſtalline. The arſenic, molybdic, and tungſtenic acids which 
we ſhall treat of in a ſupplementary chapter, are concrete, but 
pulverulent, and without a regular eryſtalline form. was Frje 

VI. We begin to be acquainted much” better than formerly 
with the nature of acids. It i proved, that the hypotheſis, 
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which conſidered them as an intimate union of water and earth, 
is no lenger probable. It is demonſtrated, that the baſe of vital 
air or oxygen enters into their compoſition ; that this oxygen 
is often united with a combuſtible body, as charcoal in the 
carbonic acid, ſulphur in the ſulphuric acid, azot in the nitric 
acid. The formation of a great number of peculiar acids by 
the action of the nitric acid on combuſtible bodies, confirms 
this aſſertion I the neceſſity of oxygen to conſtitute 
acids. 

VII. Acids unite, a anden, with Anise 
barytes, magneſia, lime, the fixed alkalis and ammoniac. From 
theſe combinations reſult a great number of ſalts, called com- 
pound, middle, or geutral ſalts. Subſtances, which neutralize 
acids in ſaline compounds, are called baſes. 

VIII. Middle, or neutral ſalts, have properties which differ 
from thoſe of their component parts. In - moſt of them, we 
cannot diſtinguiſh-the character either of the acid or baſe, The 
latter, however, rather than the acid, appears to communicate 
certain general properties to neutral ſalts; for which reaſon 
we have diſtinguiſhed neutral ſalts by their baſes. - © 


IX. On this principle there are fix genera of neutral ſalts, M 
whioſe order, compoſition, and nomenclature, are as follow. 
Grnvus I. Neutral Salts, with a baſe of Fixed Alkali. | 
Species. | Ancient Names. : 3 
I. The ſulphuric acid with potaſh. 4 
: | Vitriolated tartar, fal de duo x 
SULPHAT OF rora n. bus, arcanum duplicatum, 
vitriol of potaſh. 1 

II. The ſulphuric acid with ſoda. 5 
SULPHAT OF SODA. Glauber ſalt, vitriol of foda. 


III. The nitric acid with potaſh. | 
| NITRAT or FOTASH. Common nitre, ſallpetre. 


IV. The nitric acid with ſoda. 


NITRAT or sopA. Cubic nitre, rhomboidal nitre. 


3 
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V. The muriatic acid with potalh, - | 


Digive fats ariſes * 1 
MURIAT or ror aan. Sylvius, regenerated mar 
+ 
VI. The muriatic acid with ſoda, OOO +0 
Mostar or $0DA. = ſalt, ee 
VII. The boracie acid with potaſh. 1 


BoRAT OF POTASH. eule borax. 


VIII. The boracic acid with ſoda. 
SUPERSATURATED BORAT OF | to 1 _ 


SODA, er BORAX. 


IX. The fluorie acid with potaſh. 
FLUAT OF POTASH. — tartar. 

X. The fluoric ee 
FLUAT OF SODA. | Sperry ſoda. hor es 

XI. The carbonic acid with potaſb 
CarBONAT OF ' POTAME | i 1 2145 


XII. The carbonic acid with ſoda, 1 
CARBONAT OF . 5 | pr) ON 


Genvs II. Ammotintal Neutral Salts. 


Species. ; Ancient Names. 
I, The ſulphuric acid with am- | 
moniac. 
AMMONLAGAL amar. 6 F 45. e amman 22 
IT. The nitric acid with ammo- . 
niac. e 
AMMONIACAL xrTRAr. Ammoniacal nitre. 
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Species, OY 
III. The muriat acid with am- 


mene. 


RY AMNONIAGAL enter. 


IV. The fluoric eee FS 


ret niac. N. 9 ** , 7 
AMMONLACAL, FLUAT- 4 


v. The boracic acid with nne. 
niac. vid no 
AMMONIACAL _— { 


* 0 * #7 
3.7 1 tr w >; * 2913822 ＋ MIA 


| Vi. Daene void ein n. 


* AMMONIACAL CARBONAT.” 15 — 


Fal . \ 


_ Genvs III. G Neutral Salts. 


I. The 8 noel with lime, 


TACT Gary: UTASEI4 
* 


* \ ' 
* LY bs 3 *.4 %# iS 


% volatile. 


oncrete 21 452 
Ammoniacal chall-⸗- 


8 


Fler. 133 


CALCAREOUS SULPHAT. / 


II. The nitric acid with lime. 


CALCAREOUS NITRAT- 


— 


III. The muriatic agid with lime. 
 CALGAREOUS MURIAT, 


IV. The fluoric acid with "Cog 


* 


 CALCAREOUS FLUAT, * 0 


V. Sts hare dit " 
CALCAREOUS BORAT» 


Gypſum. 
ie, 


* 


Gaara 8 
1 ne 7; 7 FY 


Cakaredut nir: 


* 


Fixed la ammeniac, ol of lime. 
rage marine 22 


Cubic ſpar, vitreaus 27a fu ufible 
Har or fir, ſparry flu, 


en lime, 
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| Species: Ancient Names. | 2 , 
VI, The carbonic acid with line. Fre” rin u A 
| C Chalk, charm ory mie 
CARBONAT OF LIME« reous e arth. nb 


Genvs IV. Magneſian alas Salts. 


Species, / | era ated £4 115 
I. The ſulphuric acid with Mag- «(13183 £44011 
' Salt of Epſom or Sedlitz, bitte# 


MAGNESIAN suL HAT. ö 33 vitriol of mag< 


II. The nitric acid with magneſia. 
MAGNESIAN NITRAT., 


III. The muriatic acid with mag- 
neſia. 


MAGNESIAN MURIAT-. 172 Marine ne fa I, 1 7 1 of 


— 


IV. The fluoric acid with mag. 
neſia. 
Hane FLUAT. 


V. The boracic acid with mage 
neſia. 
MAGNESIAN BORAT: 


VI. The carbonic acid with mag - 


neſia. | 
Efferveſcent mag ngſia. 

MadxxsfAx CARBONAT. Mild, aerated el 
Magnefan chalk. 


Genus V. Aluminous Neutral Salts: 
Species. | Ancient Names, 
I; The ſulphuric acid with alus 
minous earth, | 1 880% 
ALVUMINOUS-SULPAAT:. Alum, vitridl of clays _ 
Val. II. F 
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Species. A,. | Ancient Names. 

II. The nitric acid with alu „ 1425 216400360 ' 
dDous earth. 4 


6 Argillaceous nitre. 


ALUMINOUS NITRAT. 2 Nitreous alum. 


III. The * - acid with ha. 
minous earth, 


| 3 8 fall. 

ALUMINOUS MURIAT. rn 
IV. The fluoric acid with atami- 

nous earth. 

Sparry 227 

ALUMINOUS FLUAT, l Argillactous fue 

V. The boracic acid with alumi- 
. nous earth. . _ * 
ALUMINOUS BORAT. Argillaceous berax. 


VI. The carbonic acid with alu- 
minous earth. | 
Efferveſcent clay. 


FOR CARBONAT. arg — IE 


Genus VI. Neutral Salts, with a Baſe of Barytes, or Barytic 


Species. i Ancient Names. 
I. The ſulphuric acid with barytes. 
Ponderous ſpar. 


N * Barotic vitriol. 
| II. The nitric acid with barytes. 


Ponderous mire. 
BARYTIC MTRAT. 


Barotic nitre. D 
- 
* 


III. The muriatic acid with ba- 


rytes. 
BARYTIG MURIAT: Ponderous marine ſalt. 


* 
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IV. — bitytes h Wyre 
BaRYTIC FLUAT. | | Ia! 


V. Ine boracic acid with barytes. 
BARYTIC BORAT. 


VI. The: carbonic acid with ba- 
rytes. 


| BARYTIC/CARBONAT Cretaceous ponderous . 


Aerated ponderns earth. 
12 chalk, 

X. To theſe ſalts may be joined ſuch as are formed by the 
arſenic, molybdic, tungſtenic, and ſaccinic acids; the former 
of which may be; diſtinguiſhed by the terms ar/eniats of potaſo, 
ſoda, &c, the ſecond, melybdats of petaſb, of ſoda, ammoniac, and 
lime; the third, tungstat of potaſh, of ſoda, of lime, Ac. ; and 
the fourth, ſuccinats of potaſh, of magnefia, alumine, c. We ſhall 
treat of theſe four genera of neutral ſalts in the _ of me- 
tallie and bituminous ſubſtances. | 

XI, Each peculiar ſalt, whether it be Gple or 8 
poſſeſſes diſtinguiſhing characters, by which it may be known 
from every other. Theſe characters conſiſt in their taſte, their 
figure, and their habitudes, with reſpe& to fire, air, the earths, 
and ſalts. They cannot be well diſtinguiſhed, but by a careful 
attention to all their properties, by comparing them with each 
other, and eſpecially by attending to ſuch. properties as are * 
moſt peculiar. 

XII. Though moſl of the ſimple ſalts in common — more 
eſpecially the neutral, are produced by art, yet nature offers 
them in large quantities, either at the ſurface, or at ſmall 
depths in the earth. Neither pure barytes, nor magneſia, have 
yet been found. Quick-lime exiſts in the neighbourhood of 
volcanos. Fixed alkalis are never cauſtic at the ſurface of the 
earth, but are combined with acids. The carbonic acid is con- 
tained in the atmoſphere, fills ſeveral ſubterraneous cavities, 
and is diſengaged from many waters. The muriatic acid ap- 
pears to be at liberty at the ſurface of the ſea. The fluorie 
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acid is always found combined with lime. The nitric acid is 
found amongſt putrified matters. The ſulphuric acid has been 
found cryſtallized, by Mr. Baldoſtari, in a grotto at the. baths 
of St. Philip in Italy; and by Dolomieu, in a grotto near 
Mount Etna. Mr. Vandelli has alſo obſerved, in the neigh. 
bourhood of Sienna and Viterbo, the ſulphurie acid diſſolved 
in water iſſuing from amongſt rocks. The ſulphurous acid is 
continually diſengaged in volcanic places. The boracic acid is 
diſſolved in the water of many of the lakes in Tuſcany, accord- 
ing to Mr. Hoefer. R ; 
XIII. Among the forty-two ſpecies of neutral ſalts , the 
following only have been found. at the ſurface of the globe, in 
the waters, or among the fluids of organized bodies, in the ge- 
nus of perfect neutral ſalts, with baſe of fixed alkali : ſulphat 
of potaſh in vegetables; ſulphat of ſoda, diffolved in water, and 
exiſting in certain plants ; nitre in the juices of vegetables, and 
in earths impregnated with putrid matters; muriat of potaſh 
in water and marine plants; muriat of ſoda in earth, water, 
ſea plants, and animal fluids; carbonat of potaſh in vegetables; 
carbonat of ſoda in efloreſcence, on the ſurface of the earth, on 

ones, and in the animal fluids. It is not well determined 
whether borax is ever found native +, Nitrat of ſoda, fluat of 
potaſh, fluat of ſoda, and borat of baute! are always — 
by art. 

XIV. Among the ammoniacal ſalts, none are found in na- 
ture, excepting muriat of ammoniac, in the neighbourhood of 
volcanos, and carbonat of ammoniac in putrified animal mat- 
ters. Sulphat of ammoniac, nitrat of ammoniac, fluat of am- 
moniac, and borat of ammoniac, are always produced by art. 

XV. Neutral calcareous ſalts are abundantly found, there 
being but one of the fix ſpecies we know, which is not produ- 
ced in nature. Calcareous ſulphat, or ſelenite, forms conſider- 
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* 1 do not here ſpeak of the modifications of theſe ſalts, called ſulphits, nitrits, 
oxygenated muriats, &c. nor of the twenty-eight ſpecies fggmed by the metallic 
and bituminous ſalts, which would make the number of neutral ſalts much more 
conſiderable ; beſides which, theſe ſalts do not appear to exiſt in nature, 

+ Mr. Grill Abrahamſon ſent ſome borax to Sweden, in the year 1772, in à cry- 
ſtalline form, as dug out of the carth, in the kingdom of Thibet, where It is catct 
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able beds in mountains: carbonat of lime, or calcareous ſab. 
ſtances, conſtitute a great part of the external cruſt of the earth: 
calcareous nitrat conſtantly accompanies coinmon nitre in the 
places where it is produced; calcareous muriat is likewiſe con- 
ſtantiy found to accompany muriat of ſoda, _Calcareous, fluat 
is abundantly found in mines. 

XVI. Magneſian ſalts are much more rarely found i eg na- 
ture, ſulphat and muriat of magneſia being only found diſolv- 
ed in certain waters. Magneſian nitrat Jikewiſe exiſts but in 
very ſwall quantities. Nature has nat yet been found to af. 
ford magneſian borat, magneſian fluat, and magneſian carbonat, 
the latter, however, 8 to exiſt, or is combined, in many 
ſtones. | 

XVII. Among the fix barytic neutral (atts, ſulphat of baty- 
tes is the only one met with ; ; it is found in the clefts of n moun- 
tains, and always in the vicinity of mines. Barytic Huent, 
muriat, borat, and fluat, have not yet b been diſcovered i 30.8 0: na- 
tural ftate, ( a 

The carbonat of barytes has been diſcovered ſome years ago 
in England perfectly cryſtallized, and in large maſſes, HF 

XVIII. Aluminous falts are nearly as ſcarce ; ſulphat of 
alumine is almoſt the only falt of this genus which i is found 
ready formed. It exiſts in volcanos, and volcanized earths ; 
in elfloreſcence, on decompoſed lavas; and is alſo contained in 
pyrites which have fallen into effloreſcence. Aluminous nitrat, 
muriat, borat, and fluat, are mere artificial products: alumine 
is frequently combined with carbonic acid, there not being any 
earth of this ſpecies from which that acid may not be ſeparat- 
ed by the application of a ho vt 
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AN EXAMINATION QF CERTAIN GENERAL PROPERTIES OF SALTS, 
PARTICULARLY THEIR-CRYSTALLIZATION, FUSIBILITY, EFFL0- 
| RESCENCE, OR DELIQUESCENCE) SOLUBILITY, &c. 


Taz properties of imple and neutral ſalts, which we Kobe 
conſidered i in each ſingly, require to be again attended to, in a 
comparative yiew, in order to deduce ſeveral uſeful general re- 
Fults ; with this intention, we ſhall proceed to treat of their 
cryſtallization, fuſibility, effloreſcenge, deliqueſcence, and ſolu- 
bility f in water. 

Cryſtallization, conſidered i in general in all the bodies which 
poſſeſs that property, conſiſis in a tendency to aſſume a regu- 
lar form under certain circumitances.. Moſt minerals poſſeſs 
it ; but it is more eminent in ſaline ſubſtances than in any 0- 
thers. The circumſtances which favour its exiſtence (and 
without which it cannot, take place), are reducible to the two 


following, as far as relates to ſalts: 1. The particles muſt be 


divided, and ſeparated from each other, ſo that they may after- 
wards tend to unite, by the application of ſuch ſides or faces 
as have the ſtrongeſt affinity with each other. 2. It is neceſ- 
ſary that this approach of the parts take place gradually, by the 
gradual ſubtraction of the fluid. Hence it js eaſily conceived, 
that cryſtallization i is effected by virtue of an attraction between 
the particles, or the affinity of aggregation, which tends to 
bring them together. 'Theſe confiderations afford reaſon to 
think, that the integrant parts of a ſalt have a peculiar form, 
and that the different form affected by each ſaline ſubſtance in 
its. cryſtallization, is a conſequence of this figure. And we are 
equally led to conclude, that the ſmall polyhedral figures of the 
particles of ſalt, having ſome faces more extended than others, 
may have a tendency to approach and unite by ſuch faces as 
are the largeſt. This being ſuppoſed, it will eaſily be conceiv- 
ed, that when the fluid which kept them aſunder, is ſubtract- 
ed, they will unite by ſuch faces az are the beſt adapted, or 
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have the ſtrongeſt affinity to each other; and that if the fluid 
be withdrawn gradually, ſo as to afford time for the ſaline par- 
ticles to arrange themſelves in the beſt manner, the cryſtalliza- 
tion will be regular: but on the contrary, that a too ſpeedy 
privation of the fluid will cauſe them to, approach ſudden- 
ly, and to unite by the faces which firſt preſent themſelves; 
in which caſe the cryſtallization will be irregular, and the form 
not eaſily determined: or if the evaporation be {till more ſud+ 
den, the ſalt will take the form of a concrete maſs, af. N 

pearance ſcarcely, if at all, cryſtalline. | 
The art of cryſtallizing ſaline matters is * on theſe 
fundamental truths, All ſalts are eryſtalliaable, though with 
different degrees of facility ſome cryſtallize ſo readily, that we 
conſtantly ſucceed in procuring them in their. regular form; 
others require more care and precaution; others again are ſo 
difficultly- obtained in this tate, that it has not yet been ac- 
compliſhed. To ſueceed in attempts of this nature, it. is necef- 
ſary to pay great attention to the particular properties of each 
ſalt. The ficſt ep is to diſſolve the ſaline ſubſtance in water: 
but there are ſome: diſſolved with fo much difficulty, by the 
means we poſſeſs, that it is almoſt impoſſible to obtain the res 
gular approach of the particles; ſuch are calcareous ſulphat, 
calcareous carbonat, calcareous fluat, and barytio ſulphat. Na- 
ture continually preſents theſe neutral terreſtrial ſalts, in very 
regular cryſtals, not imitable by art, but after long time: and 
many eminent philoſophers till doubt the, poſſibility of this 
proceſs, which we give on the authority of Mr, Achard;-it 
conſiſts in paſſing water, which has {ſtood a long time on ſalts of 
difficult ſolubility, - through à very narrow aperture, and pro- 
curing a very {low evaporation. On the contrary, other ſaline 
matters are fo ſoluble, aud unite ſo ſtrongly with water, that 
they are not ſeparated but with great difficulty, and are ſearce- 
ly to be obtained in à regular form: this is the-caſe with all 
deliqueſcent ſalts, ſuch as the calcareous and amen nitrats 
and muriats. 1 — 
It cannot be doubted, but that each ſalt has its peculiar 
mode of cryſtallization ; or, which is the ſame thing, that its 
integrant parts have a determinate form, differing from that 
pt every other ſalt; ſuch is doubtleſs the cauſe of the remark 
F iiij 


88 PROPERTIES OF SALTS. 


able varieties among cryſtals. Simple falts, from the ſalino. 
terreſtrial fabſtances to the moſt powerful acids, have not in 
general any diffinguiſhing form; there are but few circum- 
ſtances which, without entirely deſtroying their peeuliar ſa- 
line properties, cauſe them to aſſume a cryſtalline form, as is 
the caſe with che oxygenated muriatic acid, and concrete ſul- 
phuric acid. Berthelet, however, affirms, that eauſtie al- 
kalis cryſtallize in ſcales; and that the acid of borax univer- 
fally exhibits that form. Notwithſtanding this apparent con- 
formity among ſimple ſalts, few of them do take a regular form 
in our laboratories ;- whether it be that they are not really 
fuſceptible of it, or whether our methods be inſufficient for the 
purpoſe. But the neutral or middle ſalts all affect a regular 
form, which may be produced or deſtroyed in moſt of them at 
pleaſure. ' When we refle& on this property, ſo different from 
chat of fimple ſalts, it becomes an object of inquiry, whether it 
depends on the acids, or on the baſes by which thoſe acids are 
neutralized; It does not ſeem excluſively to depend either on 
the one or the other, ſinee the ſame acids form ſalts very dif- 
ferently figured, with various baſes; and the ſame baſe, com- 
bined with different acids, preſents a like diſhmilarity in its 
eryſtals. The diverſity of forms in compounds, muſt there. 
fore be attributed to the total . of a eee 
from combination. 
| There are three methods acherells afed 3 in cryſigllizing ſalts 

in chemical laboratories: 1. Evaporation, which conſiſts in 
ma a ſaline ſolution, ſo as to diſſipate the water which kept 
the particles aſunder. The flower this evaporation is, the more 
regular will be the cryſtals obtained. Sulphat of potaſh, the 
muriats of potaſh and ſoda, calcareous ſulphat, and magnefian 
carbonat, are cryſtallized in this way. Their form is irregu- 
lar, if the evaporation be performed too quickly, as for ex- 
ample, by a boiling heat; but by a ſand heat, of about x50 
degrees, theſe ſaline ſolutions afford very regular and. beautiful 
cryſtals. There is ſcarcely any ſalt which may not be had in 
a very diſtinſt form by this proceſs, if {kilfully conducted. 

2. Cooling i is ſucceſsfully employed with ſuch ſalts as are more 
ſoluble i in hot than in cold water, It is eaſy to conclude that a 
felt of this kind muſt cryſtallize, becauſe it is leſs ſaluble ig 
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water, whoſe temperature” is diminiſhed; The portion which 
remained in ſolution, "in" conſequence of the heat, will be ſepa. 
rated in proportion as the fluid becomes cool; and when it is 
entitely cold, no more of the ſalt will remain diſſolved than 
the portion which cold water is capable of ſuſtaining. Ia this 
proceſs, as in the former, the more ſlowly the water cools, the 
more uceurately will the ſaline particles approach each other, 
and in the moſt natural poſitions. For his zeato, all Tuch fu. 
line ſolutions muſt be kept for ſome time at a certain degree ot 
heat, which muſt be afterwards gradually diminiſhect to the 
freezing point, if neceſſary. It muſt be obſerved, in fact, that 
all ſalts, which may be cryſtallized by this proceſs; ate in ge- 
neral much more ſoluble than thoſe which are eryſtallized by 
the former proceſs; that a ſudden refrigeration cauſes the ex- 
ceſs of ſalt to be depoſited in an irregular maſs; and that regu. 
lar cryſtals can only be obtained by gradual cooling. In this 
method, beautiful cryſtals of ſulphat of ſoda; nitre, earbonat ot 
ſoda and potaſh, muriat of ammoniac, &c. may be obtined. 
3. The third method of cryſtallizing falts, is by ſpontaneous 
evaporation. With this intention, a pure ſaline ſolution is ex. 
poſed to the temperature of the air, in capfules of glaſs, or 
earthen ware, covered with gauze, to prevent duſt from falling 
into it, without impeding the evaporation of the water: à ſt- 
parate chamber, or loft, uſed for no other purpoſe, is beſt adapt - 
ed t this operation. The ſolution is to be left till cryſtals are 
perceived, which in ſome ſalts does not happen in four or five 
months, or longer. This proceſs, in general, ſucceeds better 
than any other, for obtaining very regular cryſtals of conſider- 
able magnitude; and onght to be employed with all ſalts, if 
time permit, as it is a method of obtaining them perfectly pure. 
Nitrat and muriat of ſoda, borax, the ſulphats of alumine, 
magneſia, and ammoniac, and ammoniacal nitrat, &e. may be 
treated in this manner. In ſome circumſtances, more than one 
of theſe proceſſes are advantageouſly uſed at the ſame time; 
more eſpecially when the very deliqueſcent ſalts, ſuch as cal- 
careous nitrat and muriat, magneſian nitrat and muriat, &e, 
are to be cryſtallized, Theſe ſolutions are ſtrongly evaporat- 
ed, and immediately expoſed to an intenſe cold; this method, 
however, affords only irregular eryſtals, and ſometimes con- 
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erete maſſes, of an intermediate figure. The want of ſucceſs, 
in eryſtallizing a conſiderable number of neutral ſalts, ariſes 
from its not being - preciſely determined to what fate of con- 
centration each ſolution ought to he brought, in ordet to af- 
ford cryſtals. The work, which is eaſy, and only requires 
time and patience; has not been completely followed hy che- 
miſts. This uſeful piece of knowledge conſiſts in the ſpecific 
gravities of the ſaline ſolutions: its advantages have already 
been perceived in ſeveral manufactories where ſaline matters 
are treated in the large way ; an areometer or hydrometer be. 
ing uſed to determine 'the — 1 
centration of the ſaline ſolutions. 

Beſides theſe different methods of eryſtallizing falts, there arc 
— circumſtances which aſſiſt their ä | 
ence it is neceſſary to bring into the 
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find, that by carrying from place to 
faline ſolutions, the cryſtallization is 
after the flighteſt agitation. I have already obſerved, that this 
phenomenon takes place more eſpecially in calcareous nitrat 
and muriat. The contact of air is likewiſe indiſpenſably ne- 
ceflary for the formation of cryſtals. It frequently happens, 
that a ſolution, evaporated to the requiſite degree for-affording 
cryſtals, remains fluid throughout, in a well cloſed- bottle; 
though the ſame ſolution cryſtallizes readily, if expoſed to the 
air in a cup: this obſervation was very accurately made by 
Ronelle the elder, - The form of the veſſels, and the immerſion 
of foreign bodies in ſaline ſolutions, greatly influence their cry- 
ſtallization. The firſt modifies the figure of the cryſtals, and 
produces 8 very great variety: for this reaſon it is, that 
threads, or ſmall flicks, are placed with great advantage in the 
cups containing the ſaline ſolution. For the cryſtals which ad- 
here to the threads, having baſes of inconſiderable magnitude, 
are commonly of the moſt regular form; while ſuch as fix 
* theraſelves to the oblique, irregular, and unequal ſides of the 
veſſels commonly employed for this uſe, are more or leſs trun- 
cated and irregular. Foreign bodies, plunged in ſaline ſolu- 

tions, have likewiſe another advantage; they promote the for- 
mation of cryſtals, which would otherwiſe have been much 
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more flowly effected. Thus it is, that A piece of waned; r 
ſtoue, thrown into a ſalt ſpring, becomes a haſe, -on-which the 
water depoſits cryſtals of muriat of ſoda. From the obſerua- 
tion of this phenomenon, ſome chemiſts have propoſed ti adu 
a ſaline cryſtal to the ſolution af a ſalt which does not readily 
cryſtallize” and many have affirmed, that the cryſtalliga- 
tion of ſalts, which it is very difficult to obtain in à regular 
form, is greatly favoured by this means. + Such are the prtin- 
cipal cauſes which influence the cryſtallization of ſalts: thene 
are doubtleſs many others, which the future whſcryation and 
inquiries of chemiſts will make Kno w. 
The ſeparation of any ſalt from water, vebich holds 2t in ſo- 
lution, cannot be effected in a regular ſorm, unleſs the ſalt re- 
tains a portion of the fluid. This may be hown, in a convin- 
cing manner, by diſſolving in water a falt reduced to poder 


by heat, ſach as calcined ſulphat of alumine, or borat of ſoda, 


or ſulphat of ſoda, fallen into efloreſcence, which will be found 
ſometimes increaſed to double in their eryſtalliz ation; that is 
to ſay, an ounce of the ſalt treated in this manner, will afford 
two ounces of cryſtals. Whence it is concluded by chemiſts, 
that a well cryſtallized ſalt contains more water than the fame 
ſalt deprived of the cryſtalline form by theraQton of fire or air. 
They have called this water by the name of voater of et 

tion, becauſe it is in ſact one of the elements of ſaline eryſtals, 
which loſe their tranſparency and regular form when depriverl 


of it. Various ſalts contain very different. quantities of che 


water of cryſtallization. Some contain the half of their weight, 
as the ſulphat and carbonat of ſoda, and ſulphat of alumine; 
others retain only a ſmall quantity, as nitte, muriat of ſoda, 
&c, The relative quantity of water of cryſtallization-in all 
eryſtallizable ſalts, has not been well determined. It may be 
abſtracted from ſalts without their eſſential properties being in 


diſtilled water. 

As we have ſeen that various faline . — 
ſtallize by the ſame proceſſes, or in circumſtances: preciſely fi- 
milar, it is clear that this property may be advantageouſly uſed 
as the means of ſeparating them from each other. In this 
manner a ſalt cryſtallizable by cooling, may be obtained ſeph- 
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rate from another ſalt, which is cryſtallizable only by continu, 
ing the evaporation ; as is obſerved in the ſalt ſprings of Lor. 
raine, which contain muriat and ſulphat of ſoda. Notwith- 
ſtanding this, it frequently happens, that two ſalts diflolved in 
the fame water, however different their manner of cryſtalliza. 
tion may be, do nevertheleſs vitiate each other's cryſtals, nnd 
cannot be obtained ſeparate, but by repeated ſolutions and ery- 
ſtalliz ations. This obſervation applies ſtill more ſtrongly to 
ſuch ſalts-as cryſtallize nearly at the ſame time, which are more 
difficult to ſeparate from each other, eſpecially if they be nu. 
merous. For example, if the ſame water contain four ſalts 
-alike cryſtallizable by evaporation, or cooling, it will be im- 
poſſible to ſeparate them by one or two ſucceſſive eryſtalliza. 
tions; and theſe operations muſt be multiplied a conſiderable 
number of times, that the ſlight differences between their man- 
ner of eryſtalization may produce the deſired effect: for it 
muſt be remarked, that no two ſalts are preciſely alike as to 
their manner of eryſtallization by cooling or evaporating. 1 
ſuch exiſted they would always cryſtallize together, and could 
never be obtained ſeparate by this method; a circumſtance 
vhich in fact happens with ſuch ſalts as greatly reſemble each 
other in this property. There are other ſalts which are not 
ſeparable by cryſtallization, becauſe they adhere or combine 
together; ſuch in general are the neutral ſalts formed by the 
ſame acid, and eryſtallizable by the ſame proceſs, as the ſul- 
phats of magheſia and ammoniac. But theſe fingular adheſions 
of neutral ſalts have not yet been 2 2 
the ſubject well deſerves the attention of chemiſts. 
Laſtly, To conchude this ſhort hiſtory of the eryſiallization 
of ſalts, ' we muſt add, that there is another method of obtain- 
ing them, which conſiſts in precipitating them from their ſolu- 
tions by the addition of a ſubſtance which has a ſtronger affi- 
nity for water. Thus, for example, ſpirit of wine poured in- 
to a ſaline ſolution, produces this effe& on moſt neutral ſalts; 
-thoſe only excepted which are ſoluble in that menſtruum. The 
farne phenomenon of the precipitation of ſaline cryſtals takes 
place in the mixture of ſome ſalts, whoſe ſolubility is very 
different, and even ſometimes by the mixture of ' ſeveral ſaline 
ſolutions with each other. Thus we find that ſulphat of mag - 
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which accompany theſe ſingular -admixtures, have not been 


ſufficiently nnen 2 ert * nn 


a theory. irn — 
The fulbility of ſalts by heat-inving been — — 


each particular article, we ſhall here take a comparative view - 
of this property. Two kinds of fuſibility are diſtinguiſhable 


in ſalts; the one produced by the water they contain, and 


called the aqueous fuſion; the other, properly belonging to the 
ſaline matter, and termed the igneous fuſion. | The aqueous fu- 
ſion depenfls entirely on the water of cryſtallization being in 


ſufficient quantity to diſſolve the ſalt at a certain temperature. 
The cryſtalline form then diſappears, and the ſalt is really diſ- 
ſolved ; a fact which is ſufficiently proved by continuing the 


ſuch as ſul phat of ſoda, borat of ſoda, ſulphat of alumine, &c. 
which become dry, and no longer appear melted after the 
water of ſolution is diſſipated. The apparent or aqueous fuſion 
likewiſe appears to be independent of the true igneous fuſion, 
from the circumſtanee of this laſt appearing in all thoſe ſalts 
which are ſuſceptible of the other. When muriat or borat of 


ſoda, for inſtance, have paſſed the aqueous fuſion, and become 


dry, they may be again melted by a ſtrong heat. The true 
igneous fuſion is not produced in all ſalts by the ſame degree 


of heat; there are ſome that melt as ſoon as they become red, 


as nitrat and mutiat of ſoda; others require a moſt violent de- 
gree of heat to fuſe them, as the ſulphats of potaſh and ſoda. 
Laſtly, There are others whoſe fufibility is ſuch, that they 
communicate the ſame property to the moſt, refractory bodies; 
in this manner it is that fixed alkalis combine with and melt 


quartz, ſand, and all other filicious earths which are not fuſi- 


ble alone. Theſe ſal“ led Auxes from this property, 
and becauſe they ..cd to fa. tate the fuſion of earthy and 


metallie ſubſtances. We have elle here remarked, that vola- 


tility is the extreme of fuſibility; a we may here add, that 


all ſaline matters are more or leſs volatile, no ſalt being ſuffi». 


cently fixed to withſtand the action of a violent heat. Thus, 


3 
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neſia diſſol ved in water appears to precipitate a ſolution. of ſul- 
phat of ammoniac in the form of cryitals ;- but the other facts, 


application of heat for a ſufficient time to a ſalt of this nature, 


| 
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aeid, ſeize the water of the atmoſphere, and render it very 


become ſlighely moiſt, and do not completely deliqueſce ; ſuch 


oompoſed, becauſe the air has a ſtronger affinity with water 


94 PROPERTIES: OF SAT TS. 
ſulphat of potaſn and muriat of ſoda are ſublimated into va- 
pour when expoſed to a very high temperature. 
The alterations to which eryſtallized ſalts are ſubject by ex- 
poſure to air, are not all alike. Some experienee no ſenſible 
change; others loſe their tranſparent form, either gradually 
becoming fluid with an ineteaſe of weight, or becoming pul- 
verulent by the loſs of a part of their maſs. The firſt of theſe 
changes is called deliqueſcenee, and the latter efſloreſcence. 
The phenomenon termed deliqueſeenee, takes its name from 
the ſaline matter becoming liquid: it is likewiſe ſaid that a 
ſalt falls into deliguium, when it melts in this manner by the 
contact of air. It appears to be the conſequence of a true 
electi vo attraction, which is ſtronger between the ſalt and the 
water, than between the latter and the air of the atmoſphere. 
All ſalts do not deliqueſee with equal rapidity; nor attract equal 
quantities of water from the atmoſphere. Pixed alkalis, am- 
moniacal gas, murlatie acid gas, and concentrated ſulphurie 
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dry, by abſorbing more than their own- weight of that fluid, 
The appearance is more eſpecially remarkable in ſulphuric 
acid congealed by cold; and dry potaſh. Theſe two ſalts firſt 
become ſoft, and ſoon acquire a denfe fluidity fimilar to that 
of certain oils, which has occaſioned the firſt to be called oil f 
vitriol, and the ſecond oil of tartar; though thefe names are far 
from being figmficant, and may lead beginners into miſtakes 
Others, though not ſo greedy of moifture, nevertheleſs attract 
it very ſtrongly; as for example, caleareous nitrat and muriat, 
nitrzt, and muriat of magneſia. Laſtly, There are ſome which 


as mtrat of ſoda, muriat of potalh, ſalphat of ammoniac, &c. 

- Effloreſcence was ſo denominated from the ſalts, which are 
ſuſceptible of it, becoming covered with a white ſubſtance ſimi- 
lar to that which is known in chemiſtry by the name of flowers. 
This property is the reverſe of deliqueſcence; for as that hap- 
pens by the decompoſition of the humid atmoſphere, by the 
ſtronger elective attraction of ſaline cryſtals for moiſture ; ſo 
on the other hand, in eMloreſcence the ſaline cryſtals are de- 
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than thoſe cryſtals have. EMoreſcence is, therefore, « loſs: of 
the water of cryſtallization, in conſequence of which the ſalts 
joſe their tranſparency and conſiſtence, and become lighter. | It 
is of importance to be obſerved, that ſaline cryſtals which: ef- 
florefce, are ſubjected to the ſame alteration as would be pro- 
duced by fire-in a much ſhorter time; that is to ſay; they are 
flowly calcined, and loſe exactly the ſame weight as drying by 
heat would deprive them of: to this we "muſt likewiſe add, 
that efloreſcent ſalts are of the moſt ſoluble claſs which cryſtal - 
lize by cooling their ſolutions. | ' 

Effloreſcence, like deliqueſcence, is a REECE which FRY 

ly varies in the ſeveral neutral ſalts- Some falts, ſuch as ſul. 
phat of carbonat and ſoda, readily effloreſce, and continue to 
fall in pieces, till the whole becomes a fine white powder; and 
as they loſe by this means half their weight, it may be con- 
cluded, that their property of effloreſcing ſo completely, is a 
conſequence” of a large quantity of water which enters into 
their cryſtals: and in fact, we find that ſalts which effloreſce 
very little, fuch as borax, ſulphat of alumine and magneſia, 
do not contain ſo large a quantity of that fluid in their cryſtals, 
If efloreſcence depend on a ſfronger elective attraction, between 
air and water, than between water and the ſalt, the phenome- 
non will take place more readily and effe&ually when the at- 
moſphere is very dry, while air loaded with moiſture will not 
have the ſame action on them. This affertion may be con- 
firmed; by ſprinkling a fmall quantity of water on cryſtals 
capable of effloreſcence; for the atmoſphere ſeizing this water, 
and becoming ſaturated, does not act on, or alter the cryſtals; 
but if this operation be not repeated from time to time, the 
air combines with the water of cryſtallization, and the efflor« 
eſcence takes place. This is daily obſerved by druggiſts, who 
find it neceſſary to moiſten ſulphat of ſoda or Glauber's ſalt with 
a ſmall quantity of water, han the form of the cryſtals may 
be well preſerved. 

The diſſolution of falts in water, is a n which 
highly deſerves the attention of chemiſts. Some perſons hav. 
ing obſerved that this is effected without any ſenſible motion 
or efferveſcence, ſuch as accompanies the ſolution of metals in 
acids, have propoſed to diſtinguiſh the latter by the word ſalu- 
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tion, and the former by that of diſſolutian. But there is no 
difference in the ſenſe of either of theſe terms; and the mu- 
tual action of acids and metals being entirely different from 
the ſolution of ſalts in water, and depending on peculiar cauſes, 
hereafter to be explained, no advantage would be derived from 
this diſtinction. The ſolution of ſalts in water has been con- 
ſidered by ſome philoſophical chemiſts as a ſimple mechanical 
diviſion of the ſaline particles; but there is au intimate pene. 
tration, which takes place between theſe two bodies, attended 
with a change of temperature; and it ſeems that a true com- 
bination takes place between the ſalts and the water, which 
can by no means be explained, on the ſuppoſition of the ſaliue 


96 


particles being ſimply divided. This is proved, not only by Bl 


the change of temperature, but likewiſe by the practicability 
of ſeparating any ſalt from its ſolution, by the addition of an- 
other; as potaſh precipitates ſulphat of potaſh, and carbonat 
of lime, from waters which hold them in ſolution. The pre- 
cipitations of ſalts by each other are far from being all known; 
and the ſcience of chemiſtry would derive great advantage 
from a connected ſeries of experiments on this ſubje&. It 
may be obſerved, in the particular hiſtory of each ſaline ſub. 
ſtance, that they all poſſeſs different degrees of ſolubility, from 
conſtant fluidity, ſuch as exiſts in the ſulphuric and nitric 
acids, to almoſt perfect infuſibility; as ſulphat of barytes. Many 
chemiſts have publiſhed tables of the different ſolubility of 
ſalts ; but theſe tables will be inaccurate andimperfeR, till ex- 
periments have been ſufficiently multiplied to eſtabliſh the exact 
proportions between the different ſolubilities. We muſt here 


add, that all fimple ſalts, whether alkaline or acid, conſtantly 


produce heat, when diſſolved in water; whereas cold is always 
produced during the ſolution of neutral ſalts. The meaſure of 
theſe changes of temperature is not well aſcertained in all kinds 
of ſalts, but this phenomenon is more attended to at preſent 
than formerly. It will doubtleſs lead the way to valuable dif- 
coveries : we already begin to perceive certain truths, whole 
exiſtence was formerly not ſo much as ſuſpected. For example, 
when we obſerve, that neutral ſalts, which produce the great- 
eſt cold in their ſolution, as ſulphat of ſoda, nitrat, muriat of 
ammoniac, are much more ſoluble in hot than in cold water, 
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may we not conclude, that this ſolubility depends on the water 
then poſſeſſing a more conſiderable quantity of heat, which it 
is neceſſary they ſhould abſorb, to become melted, and take 
the liquid ſtate ? This exceſs of heat, being eaſily carried off 
by the air and ſurrounding bodies, a part of the ſalt is preci- 
pitated in the cryſtalline form during the cooling. 


CHAPTER XIII. 


CONCERNING THE ELECTIVE ATTRACTIONS WHICH TAKE PLACE 
BETWEEN THE SEVERAL SALINE SUBSTANCES, 


Tur diſcoveries made-in conſequence of the numerous expe- 
riments made by chemiſts, on ſaline matters, ſince the middle 
of the preſent century, have ſhown, that ſaline ſubſtances have 
very different degrees of affinity, or elective attraction, among 
each other. Geoffroy is the firſt who compared them ; but 
later diſcoveries have ſhown, that his table contains many er- 
rors. Bergman has corrected them, and has added a much 
greater number of eleQive attractions between all the ſalts ; 
however, on conſulting the ſeveral articles of the table of this 
celebrated Swediſh chemiſt, we find that many of them are not 
yet eſtabliſhed on a ſufficient number of accurate experiments, 
and that he himſelf acknowledges their uncertainty. Without 
extending the theory of elective attractions to ſo large a num- 
ber of baſes as Bergman has done, we ſhall confine ourſelves 
to the preſent ſtate of chemiſtry, in our examination of the 
affinities which are exerted between thoſe ſaline matters, whoſe 
nature and propeꝶies are beſt known. 

Among the fix ſpecies of acids we have examined, the ſul. 
phuric appears to be the ſtrongeſt in its elective attractions; 
that is to ſay, it deprives other acids of moſt of their alkaline 
or ſalino-terreſtrial baſes, Thus it decompoſes nitrats, mu- 
rists, fluats, borats, and carbonats, by diſengaging their acids. 

The nitric acid in general occupies the ſecond rank, yielding 
the alkaline baſes to the ſulphuric acid, but depriving the s Tous 
following acids of them, 

Vol. IT. Q 
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To ſhow the different affinities which obtain between the 
mineral acids and the ſaline baſes of the ſame kingdom, to the 
beſt advantage, we ſhall exhibit them in the order or arrange- 
ment of Bergman; by conſidering, 1ſt, Each acid, with reſpect 
to the different baſes it can unite with ; 2d, Each alkaline 
matter, with reſpe& to the acids which ſaturated it, and the 
degree of adhefion with which it unites to thoſe ſalts. 

I. The elective attractions of the ſulphuric acid, for the dif- 
ferent baſes, are diſpoſed, by Bergman, in the following order, 
beginning with that to which it moſt ſtrongly adheres. 


_ SvurenvrIc Acip *. I 

; 2 
Barytes. AF 

Potaſh. 2 

Quick-lime, I 

Ammoniac. 3 

Magneſia. 1 

Alumine. 1 

Though the nitrie and muriatic acids have the ſame order of Mi 


elective attractions for alkaline baſes, we ſhall nevertheleſs ex- 
hibit them at length, | 


NrrRic Ac1D, 


Barytes. 

1 Potaſh. 
Zoda. 
Quick- lime. 

; | Ammoniac. 


Magneſia. 


| Alumine. 


the al. At re 


— 


* We have already exhibited the order of the affinities of acids, with the baſes, 
in the hiſtory of each ; but we think proper to repreſent them here in columns, as 
is uſually done in tables of affinities, that they may be feen and compared on In- 
ſpection. F. 
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MoxiaTic Acro. 


Barytes. 
Potaſh. 
Soda. 
Quick-lime; 
Ammoniac. 
Magneſia. 
Alumine. 


Barytes has therefore a ſtronger affinity with the ſulphuric, 
nitric, and muriatic acids, than every other baſe, and decom- 
poſes all the neutral ſalts formed by theſe acids, and other al- 
kaline matters. Bergman places magneſia before ammoniac, 
becauſe, he affirms, that this ſalino-terreſtrial ſabſtance de- 
compoſes ammoniacal ſalts, We muſt obſerve, that ammoniac 
decompoſes magneſian ſalts more completely; in fact, all the 
magneſian is not precipitated by this alkali, the fluid retaining 
in ſolution mixed or triple ſalts, formed by the union of the 
magneſian with the ammoniacal ſalts. We apprehend, not- 
withſtanding our reſpe& for the authority of Bergman, that 
there is a ſtronger eleQive attraction between the acids and 
ammoniac, than between the ſame ſalts and magnefia, becauſe 
the latter, though it diſengages a ſmall quantity of ammoniac 
from ammoniacal ſalts in the humid way, does not decompoſe 
them by diſtillation ; and for that reaſoa we have placed am- 
moniac before magneſia, and think the correction is neceſſary 
to be made in Bergman's table. 

II. The elective attractions of the fluoric acid for alkaline 
baſes, are very different from thoſe of the three foregoing. 
Alkalis yield this acid to lime, and two other ſalino-terreſtrial 
ſubſtances. A ſolution of barytic fluat in hot water is preci- 
pitated by lime-water, which immediately forms calcareous 
fluat. The ſame thing happens with other fluoric neutral ſalts; 
lime ſeizing the acid as the eighth colutun of Bergman's table, 
arranged hereunder denotes. 
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Fzvokic Aci. s 


Quick-lime. 

Barytes. 

Magneſia. 

Potaſh. 

Soda. 

Ammoniac. 0 
Alumine. 


The ſame phenomena take place by the dry way ; for cal. 
careous fluat is not decompoſed by pure and cauſtic fixed al- 


- Kalis, though it is by the carbonats of potaſh and ſoda. 


III. Bergman, in his tenth column, exhibits the affinities of 
the boracic acid, in the ſame order as thoſe of the fluoric acid; 
becauſe, when borax is heated in water with quick-lime, the 
latter ſeizes its acid, forming the ſcarcely foluble calcareous 
borat, and leaves the Dada in a ſtate of purity. As to the other 
baſes, he has diſpoſed them by analogy, and conſiders the diſ- 
poſition as nothing more than a probable conjecture . 


Boracic Acip. 


Quick-lime. 
Barytes. : 
Magneſia. 
Potaſh. 

Soda. 
Ammoniac. 
Alumine. 


IV. The elective attractions of the carbonic acid are ſome- 
what different from theſe. It adheres more ſtrongly to barytes, 
and after that to lime, than to any other ſubſtance. Its com- 
bination with magneſia is likewiſe deſtroyed by ammoniac, as 
Bergman has proved by accurate experiments. The following 


* Quod idem accidat cum alkali vegetabili, acido boracis ſaturato, hactenus 
tantum probabilis eſt conjectura, #que ac terræ ponderoſæ, et magneſiz poſitura. 
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extract of the twenty- fifth column of the table of this cele- 
brated chemiſt, expreſſes the order of the attractions of the 
carbonic cid for the ſeveral ſaline baſes, 


CarBoy1rc Aci. 


Barytes. 

- Quick-lime, 

Potaſh. 

Soda. 

Magneſia. 

Ammoniac. | 

Alumine. ' 


V. The ſeven earthy, or alkaline baſes, whoſe combinations 
with the mineral acids we have examined, have different elec- 
tive attractions for thoſe acids, when compared together; five 
of them, namely, the two fixed alkalis, ammoniac, lime, and 
alumine reſemble each other in the order of their affinities. 
All the five adhere to acids in the following order ; the ſul- 
phuric, nitric, muriatic, fluoric, boracic, and carbonic acids ; 
but barytes and magneſia have different affinities from the fore- 
going, though they agree with each other. 

Bergman diſpoſes the elective attractions of barytes and 


magneſia, with reſpe& to the mineral acids, in the following 
manner. 


- BarrTEs and MAGNESIHA, 


Sulphuric acid. 
Fluoric acid. 
Nitric acid. 
Muriatic acid, 
Boracic acid. 
Carbonic acid. 


There is no differencc between this order of affinities, and 

that of the other five baſes, except that the fluoric acid is be- 

fore the nitric and muriatic acids, which ſhows, that the ba- 

rytic and magneſian nitrats and muriats, are decompoſed by the 
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fluoric acid; while the barytic and magneſian fluats do not 
yield their baſes to the nitric and muriatic acids, 

VI. The elective attractions we have exhibited, ſhow the 
order of ſimple decompoſitions, which take place on the mix. 
ture of three ſaline bodies ; but it is equally neceſſary that the 
chemiſt ſhould attend to the double affinities, or decompoſitions 
which take place when four ſubſtances are mixed together. 

It muſt be recolle&ed, that by double affinity is underſtood 


2 combined force, by virtue of which, a compound of two 


bodies, which cannot be ſeparated neither by a third nor a 
fourth body, preſented ſeparately, is nevertheleſs decompoſed 
with the greateſt facility, when the two laſt are combined to- 
gether. This double elective attraction is very often exerted 
between neutral ſalts. In this manner it is, that the ſulphat, 
nitrat, and muriat of lime, are not decompoſed by ammoniac, 
or by the carbonic acid alone ; becauſe the firſt of theſe bodies 
has a leſs affinity than lime with the ſulphuric, nitric, or mu- 
riatic acids, while the ſecond has a leſs affinity than lime with 
the ſame acids: but when a compound of ammoniac and car- 
bonic acid is preſented to theſe calcareous ſalts, the adheſion of 
their principles will be deftroyed. I have ſhown, in the firſt 
volume of this work, where affinities are generally treated of, 
that the cauſe of this phenomenon might be explained, by aſ- 
ſuming numbers to expreſs the different degrees of elective at- 
traction. I have attempted to apply this idea to ſaline ſub- 
ſtances ; but as the nature and combinations of the fluoric and 
boracic acids are not yet well known, I have conſidered only 
the ſulphuric, nitric, muriatic, and carbonic acids, with re- 
ſpect to the ſaline mineral baſes. The numbers I have aſſumed 
to expre(s the different degrees of adheſion to thoſe baſes, are 
founded on the reſult of fimple decompoſitions. It muſt be 
noted, that they are not perhaps accurately proportioned to 
the forces of affinity, but are chiefly deſigned to explain the 
cauſe of double elective attractions. 

I ſball, in this place, firſt give a table of numbers, expreſ- 
fing the affinities of the four acids above enumerated, with fix 
baſes: I do not comprehend barytes, becauſe its ſeveral ſaline 
combinations are not yet ſufficiently known. After which, I 


prcoced to extubit the known effects of double affinity among 
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neutral ſalts, according to the method of diſpoſition invented 


by Bergman, which I have already deſcribed in the general 
chapter on Affinities. I muſt here repeat, that in this ingeni- 
ous diſpoſition, to which I have only added the numerical ex- 
preſſion, the ſum of the two vertical numbers, which denote 
the divellent attractions, muſt exceed that of the horizontal 
pumbers, which 1ndicate the quieſcent attractions, in order 
that a double decompoſition may follow. 


Fad 


— ä - 


TABLE of the Degrees of Attraction between Four Acids and 
Six Baſes, expreſſed in Numbers. 


FIRST COLUMN, 


| Potaſh equal to — — — 8 
The ſulphuric | Soda 5 * * a x — 9 
acid has an u 1: 5 > 5 
ey of — lime 1 
% 6-1 
with Magneſia - — — — 32 
Alumine — - - - - 2 
SECOND COLUMN. 
Potaſh equal to - - 7 
The nitric acid Soda 3 7 ” 2 *, 
has an affini- } Quick-lime — — 3 4 
ty of combi-] Ammoniac 3 - — * 
nation with | Magneſia — — - SD, __ 2 
| Alumine — — — — = 1 
THIRD COLUMN, 
Potaſh equal to. «= 
The muriatic Soda 5 8 — A 5 __ 
acid has an zk. 1: 
affinity of _ _ 7 J "I 
combination Ammoniac - - - — = 2 
with © _. | Magneſfia — — - - m I 


Alumine — - — — — — 
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FOURTH COLUMN. 


Quick. lime equal to 5 

The carbonic | pgtaſh + . i a R : 
acid has ang da _ 
affinity of 4 e N 5 7 i 
combination Ammoniac - - . - - - 
with Magnelia - - ©» - - — 
LAlumine * 5 - * „ I | 
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TABLE of Ten Decompoſitions by Double Affinity, which 
take place between ſeveral Neutral Salts, and are expreſſed Wi 
by Numbers, taken from the foregoing Table. 4 
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| EXAMPLE I. 1 
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2 cooek 4 8 quieſcent 2 Mnities 4 ; 12* & 2 — 4 
| ' . - - * 4 
3 | 
6 
| 1 
| Sulphuric Acid. 13% Lime. 
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7 Theſe numbers denote the ſums of the quieſcent and divellent affinitios, 
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' EXAMPLE II. 


Muriat of Potaſh. - 
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EXAMPLE IV. 
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EXAMPLE VI. 
Ammoniacal Nitrat. 
— 
\ Nitric Acid, 3 Ammoniac, ] 


{ Lime. 


— 


2 


eg. 4 quieſcent N affinities 3 . + Pal Carbo- 


| nat, 


3 
6 Carbonic Acid. 


— 
Calcareous Carbonat. 


EXAMPLE VII. 


Muriat of Ammoniac. 
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Muriatie Acid. 


2 Ammoniac. 
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S | 


Lime. 5 Carbonic Acid. | 
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Calcareous Carbonat. 
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EXAMPLE VIIL 
Magneſian Sulphat, or Epſom Salt, 


fon 
Sulphuric Acid. 3+ Magneſia. 


tie 


Selphat. © auigcent I api; $6 ; 


S | ® divellent ni 


Magneſian 
Carbonat, 


> or efferveſ. 
cent Mag. 
neſia. 


— 
Calcareous Carbonat. 


EXAMPLE IX. 


Magneſian Nitrat. 
— 


Nitric Acid. Magneſia. 


vn | w divellent affinities » 


Carbonic Acid. 


Carbonic Acid. 


5 
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f EXAMPLE X. AND LAST. 


Magneſian Muriat. 
(AA 

"Muriatic Acid. 1 Magneſia. [i | 
I 
e I Magnefi 

Py eee ge ge fee 
8 
| 9 N | 
| Lime. 4 Carbonic Acid. _ | 


Calcareous Carbonat. 


Theſe ten examples of double affinity are not the only in- 
ſtances of this kind of decompoſition which takes place among 
the neutral ſalts we have examined. We have ſeen, for in- 
ſtance, that barytic ſalts are not decompoſed by potaſh, while 
the carbonats of potaſh and ſoda decompoſe them; that calca- 
reous fluat preſents the ſame phenomenon. Theſe two kinds 
of double affinity, and perhaps others which are not yet known, 
among ſalts, are not repreſented in the foregoing table, be- 
cauſe the elective attractions of barytes and fluoric acid are not 
yet ſufficiently aſcertained to be expreſſed by numbers. When 
I the neceſſary inquiries have been made, theſe numbers will 
doubtleſs require to be changed, but the method will remain 
unchanged, and is capable of improvement only in point of 
gecuracy. 4 2 
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NOTES ON CHAPTER VI. 


SULPHAT OF AMMONIAC. 


4 Tax effects of heat on ſulphat of ammoniac have been more accurately c. 
ſerved by Mr. Hatchet of London, In diſtilling this ſalt by itſelf, he remarkel 
that a conſiderable quantity of alkaline gas was diſengaged. A white cloud d 
very minute gliſtering cryſtals was formed, which quickly diſappeared, and wa 
followed by a great quantity of ſulphureous acid gas and water. In this exper; 
ment, the ſalt was not only decompoſed, but alſo a part of the ammoniac refolye; 
into its conſtituent principles. A portion of the undecompoſed ſalt was ſublimet 
into the neck of the retort. 

The ſulphureous acid gas, uniting with the alkaline gas in the receiver, forme 
the ſulphite of ammoniac, which appeared in the form of the minute gliſtering ci. C 
tals. The gas which remained after this — ſeemed to poſſeſs all u 
properties of azotic gas. 

When ſulphat of ammoniac was diſtilled with yellow oxyd of iron, pure amm. 
niac came firſt over, and afterwards ſome ſulphurcous acid. The iron was con- 1q 
verted to the ſtate of a red oxyd, and mixed with ſome ſulphat of iron. 

With oxyd of zinc the reſidue was the fulphat of that metal. 

Minium triturated with ſulphat of ammoniac immediately decompoſed it due 
lime or alkalis, and, when diſtilled together, the retort contained ſulphat « | 
lead, 1 
When native green oxyd of copper was diſtilled with ſulphat of ammoniac, th 4 
reſidue conſiſted partly of red oxyd. and ſome ſulphat of the ſame metal. Ti: 
ammoniac in this experiment came over in a concrete ſlate, by reaſon of the cu. 4 
bonic acid contained in the green copper. Phily/. Tranſ. for 1796. p. 29. 4 

b This ſalt is decompoſed by phoſphat of lime in the following manner: Bone, 4 
calcined to whiteneſs, pulverized, and well waſhed in acetous acid, to diſſolve te 
lime, or carbonat of lime, which may exiſt in the bones, are put into a ſolution « 4 
ſulphat of ammoniac. After filtering the liquor, the preſence of phoſphoric adi 
may be ſhown by adding ſome lime-water, which produces a copious precipitat 


of the phoſphat of lime. It holds alſo a ſmall portion of the fulphat of lime ii 


ſolution, as may be ſcen, by pouring into it a ſolution of oxalat of potaſh. Bu 1 
the greater part of the ſulphat of lime remains on the filter with the undecons 1 
I 


poſed bone. This reſidue, when dried, is found to weigh 0,52 parts more tha 
the phoſphat of lime originally employed. See Fourn, Polytechnique, p. 434. ; 4. 
de Chem, Tom. VI. p. 37. Tom. XII. p. 26, 4 
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SULPHITE OF AMMONIAC, «+4 


c This ſalt formed by paſſing ſulphureous acid gas into concentrated wool 
ammoniac. During this combination, a conſiderable quantity of caloric is evolvts 2 


3 
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n cooling, regular and tranſparent cryſtals are depoſited, but a portion of the ſul- 
phite of ammoniac {till remains diſſolved in the water. In order to procure this 
$ portion, the liquor is to be expoſed to a gentle heat, If he heat be raiſed too 
1 ich, the ſalt will be evaporated ; and if the evaporation be too long continued, 
vin be converted into ſulphat of ammomac. 

The uſual form of this ſalt is that of a ſix-fided priſm, terminated by a hexahedral 
Pyramid. Its taſte is freſh and poignant, leaving at laſt an impreſſion ſimilar to 
at of ſulphureous acid, Expoſed to the air, it attracts humidity, but it ſoon 
\ ryſtalizes again. 


y ob. Encloſed in a proper apparatus, with oxygen gas, it abſorbs in a few days that 
rked laſtic fluid, and is converted into ſulphat of ammoniac. This combination takes 
ace ſooner when the ſalt is diſſolved in water than when it is expoſed in its ery- 


tallized ſtate, To preſerve it, therefore, it becomes neceſſary to ſhut it up in 
cfſels to which the atmoſpheric air has no acceſs. ; 

Water diſſolves its own weight of this ſalt in the temperature of 102 of Reamur-. 
aring the ſolution, if large quantities be uſed, the temperature will ſink to 2® of 
he ſame ſcale. 

It is ſoſtened and decrepitates in a briſk fire; but it does not melt in the water 
pf cryſtallization, like ſulphat of ammoniac. Diſtilled in a retort with a mercu- 
ial apparatus, it gives out a ſmall quantity of ammoniac and water, and is after» 
-ards wholly ſublimed into the neck of the retort. The falt ſublimed reddens 
he tincture of turnſole, and is capable of ſaturating a freſh quantity of ammo- 
iiac, It has paſſed in this operation, therefore, to the ſtate of an acid ſulpbite, in 
onſequence of the affinity of ammoniac for caloric, and of the ſulphite of ammo- 
nac ſor the ſulphureous acid. The ſulphite of ammoniac is ſo volatile, that it is 
mpoſſible to convert ſulphat of ammoniac into the ſulphure of ammoniac with 
harcoal, as is the caſe with the other ſulphats; for the part of the ſalt which has 
een deprived of a portion of its oxygen is inſtantly volatilized in the form of a 
ulphite. * | 2 

Barytes decompoſes ſulphite of ammoniac either in the dry or moiſt way. A 
olution of this earth produces a copious precipitate on being added to a ſolution 
f ſulphite of aramoniac. This pretipitate is known to be ſulphite of barytes, 
rom its being ſoluble in muriatic acid, from the efferveſcence which it produces 
ind from the odour of ſulphurcous acid which it exhales, 

Lime produces nearly the fame effect with barytes, with this difference, however, 
hat the precipitate is leſs ſpeedily formed. When the ſulghat of ammoniac contains 
n exceſs of acid, the ſulphit of lime is ſometimes obtained in the form of ſmall 
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ution d 
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ume J ranſparent needle-like cryſtals. 
"=" —_ Magncſia, iu powder, decompoſes ſulphite of ammoniac by heat, and the am- 
"dead : pnoniac is diſengaged in the elaſtic form. This decompoſition is alſo effected in 
1 f hie moiſt way, though more ſlowly, in a boiling heat. If one ſixth part of mag- 
* cl. be added to ſulphite of ammoniac, the magneſia wh in time diſappear, and 
great number of ſmall ſhining cryſtals will be formed on the bottom of the veſ- 


| cl, "heſe cryſtals, which are almoſt inſipids, are little ſoluble in water, form a 

tiple ſalt, compoſed of magneſia and ammoniac united to ſulphureous acid. 
Alumine and filex have no action on ſulphite of ammoniac. 

All the mineral acids, except the boracic, decompoſe this ſalt, The decompoſi- 

tion is produced with heat and efferveſcence. The ſulphurcous acid gas which 

i diſcngaged docs not precipitate barytes from its ſolution in muriatic acid. 

The nitric and oxygenated muriatic acids produce more complicated changes. 


Ren nitric atid is added to the ſulphite of ammoniac, a mixture of ſulphureous 
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a , 


acid gas, and nitrous gas, is diſengaged, The liquor now precipitates barry 
from its ſolutien in nitric acid, which proves, that while one portion of the nitric 
acid had united to the ammoniac, another portion of it had been decompoſed by de 
ſulphureous acid, which is by this converted into the ſulphuric, for the liquey 
contains ſulphat and nitrat of ammoniac. 

Oxygenated muriatic acid produces the ſame eſſects, but in a different manner, 

The ſulphureous acid which is diſengaged in this caſe, is ſeparated by the com. 
bination of the common muriatic acid and the fulphuric acid with the ammoniag; 
for the mixture contains ſulphat and muriat of ammoniac. 

The tartarous, oxalic, and citric, are the only vegetable acids which decompele | 
ſulphite of ammoniac, This effect is ſlowly produced 1 in the cold, but more quickh 
in the temperature of boiling water. 

All the neutral ſalts with baſe of potaſh, ſoda, or ammoniac, are not changed by 
this ſalt; bvt all thoſe with earthy baſes are decompoſed. 

Metallic oxyds produce changes in the ſulphite of ammoniac ſimilar to tho 
which they produce in the ſulphites of potaſh and ſoda. The oxyds of zinc, iron, 
and lead, decompoſe it in part by uniting with its acid while the ammoniac is dif 
engaged, 

Sulphite of ammoniac conſiſts, according to Smalls of 
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Ammoniac, 29,07 2 
Sulphureous acid, 60,06 3 
Water, 10,879 See Journ. Polytech, p. 454. q 
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NITRAT OF AMMONIAC. 


& Yauquelin remarks that effects ſomewhat different take place when muriati 
acid is added to the nitrat of ammoniac. The muriatic acts upon the nitric, takes 
from it a portion of its oxygen, and converts it into nitrous acid. Oxygenatel 
muriatic acid is formed, and muriat of ammoniac remains diſſolved in the water, 

By adding one part of muriatic acid to two parts of nitrat of ammoniac, a l. 
quor may be formed capable of diſſolvigg gold. In this inſtance, the decompoſ- 
tion of the nitrat is produced in a ſomewhat different manner. The oxygen d 
the nitric acid acts immediately upon the gold, and the oxyd is diſſolved, as ſoon 
as formed, in a portion of the muriatic acid. Nitrous gas is diſengaged, aud : 
muriat, of gold, and a muriat of ammoniac remain in the liquor. By precipitating 
afterwards this ſolution of gold with a fixed alkali, fulminating gold is formed, c 
the orat of ammoniac; for the alkali not only decompoſes the muriat of gold, bu: 
the muriat ef ammoniac alſo; ſo that in proportion as the oxyd ſeparates, it unit's Wl 
with the ammoniac, and forms the peculiar fulminating combination. See Jour. 
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MURIAT OF AMMONIAC. 


e This falt is not formed during the combuſtion of the excrements, but ſeem 
rather to have pre-exiſted in the dung and urine of theſe animals. It is probable: W ; 
that the muriat of ſoda contained in the plants on which theſe animals are fed u 
decompoſed during the proceſſes of digeſtion and aſſimilation, and changed into 
muriat of ammoniac; for Chaptal obſerves, that when animals live on freſh vege- 
tables, their dung affords no muriat of ammoniac; but that in winter, on the con- 
trary, when they are fed on ſalted herbs, it affords a great quantity, The muri 7 
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atic acid probably unites with the ammoniac that is conſtantly formed in the 
animal economy, and the ſoda remains in combination in the animal humovrs, 
which always contain a quantity of it, particularly in combination with phoſpho- 
rie acid, which ſeems alſo to be an animal product. 

There are ſeveral works for the manufacture of fal ammoniac, in which this 
ſalt is formed, by diſtilling all kinds of animal ſubſtances in furnaces which ſerve 
inſtead of large retorts, and by mixing the aqueous product, impregnated with 
carbonat of ammoniac, with the mother waters of the faline ſprings of La Meurth, 
Jura, Mont Blanc, &c. which contain the muriats of lime and magneſia. A dou- 
ble decompoſition takes place, in which the muriatic acid unites with the volatile 
alkali and the carbonic acid to the lime and the magneſia. The two latter com- 
binations being inſoluble in water, are precipitated, while the muriat of ammo- 
niac remains diſſolved. This liquor is evaporated to dryneſs, and the ſalt ſub- 
limed into earthen veſſels, which, by opening into two pieces, facilitate the ex- 
traction of this ſalt. 

At Franciade they combine the muriatic acid giſengaged from muriat of ſoda 
by ſulphuric acid with the product of animal makters diſtilled, dans les tryaux de 
fonte, See Journ. Polytech, p. 411. 
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NOTES ON CHAPTER VII. k 


SULPHITE OF LIME. 


f The form of ſulphite of lime is that of a priſm with ſix planes, terminated by 
a very long pyramid. It has little taſte at firſt, but when kept for ſome time in 
the mouth, it imparts a maniſeſtly ſulphureous taſte to the tongue. This ſalt is ve- 
ry inſoluble in water, but it becomes ſoluble by exceſs of acid. It is obtained in 
the cryſtallized ſtate, by expoſing its ſolution in ſulphureous acid to the air. The 
acid is diſſipated, and the ſalt left behind in a ſtate of purity, 

Barytes is the only earth which decompoſes it. 

Heat converts it into a ſulphat, by depriving it of a portion of its ſulphur. 

The mineral acids decompoſe it like the other ſulphites. 

Alkalis do not produce any change in it. 

Alkaline carbonats, phoſphats, and fluats, are the only ſalts which decompoſe i it. 

It paſſes very ſlowly to the ſtate of ſulphat, by expoſure to the air, 

The greater part of metallic ſolutions decompoſe it, 


Sulphite of lime conſiſts of 
Lime, - 47 
Sulphureouz acid, 48 
Water, 5 Sec Journ. Palyiech. p- 4535. 


— 


NIT RAT OF LIME, 


As the oxalic acid takes the lime from every other acid, ang forms with it 
an inſoluble compound, we ule it as a teſt of the N of lime, either free or 


in the ſlate of combination. 


MURIAT OF.-LIME. 
h Carbonat of ammoniac alſo produces a decompoſition of muriat of lime. 
This ſeems contrary to what has already been faid, that the carbonat of lime was 
decompoled by the muriat of ammoniac, though in ſact there be no contradiQion, 
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for the firſt effect is produced only in the cold, and through the medium of water, 
the latter decompoſition is produced in the dry way, and in a high tempera. 
ture. In this laſt caſe the affinities are changed, the cAloric tends to unite with 
the carbonic acid, and to ſeparate it from the lime ; the lime, on the other hand, 
acts ſtrongly on the muriatic acid, and weakens its affinity for the ammoniac, 
while the carbonic acid attracts the ammoniac, and is volatilized along with it. 
It is from the union of theſe different forces that the change in the equilibrium of 
the principles of theſe ſalts, and their reciprocal decompoſition proceeds, In men. 
tioning the degrees of affinity of bodies for each other, it is neceſſary always to 
aztend to the degrees of temperature. See Journ. Polytech. p. 414. - 
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SULPHITE OF MAGNESIA\ 


This ſalt is clear and tranſparent. Its form is that of an elliptical tetrahedral, 
Its taſte is mild and carthy at firſt, but it afterwards becomes ſulphureous. 

.& ſoitenz by the fire, ſwells and becomes ductile like a gum. It loſes about 
ov of its weight by drying. By continuing to heat it after it has loſt the water 
of cryſtallization, the ſulphut eous acid is diſengaged, aud magneſia almoſt pure re- 
mains 1n the retort. 

Sulphite of magneſia is not very ſoluble in water, but it becomes ſo by exceſs 

of acid; and this ſolution, expoſed to the air, cryſtallizes very readily, by loſing its 
exceſs of acid. 

- It becomes opaque in the air, and is gradually changed into a ſulphat, but this 
requires a long time, 

Fixed alkalis, lime, and barytes, decompoſe it conpletcdy; * produces 
only a partial decompoſition, ſo that a triple ſalt is formed. | 

Alkaline and earthy falts, thoſe of alumine excepted, decompoſe it alſo. Mine- 
ral acids and metallic ſolutions produce upon it the ſame effects as upon the ot} er 
ſulphites. 

TR of magneſia conſiſts of | 

Magneſia, ELLE 16 
Sulphureous acid, 39 
Water, 45 See Journ. Polytech, 


NITRAT OF MAGNESILA, - 


& When'expoſed to the fire in cloſe veſſels, oxygenous gas is firſt diſengaged, 
and afterwards vapours of nitrous acid ; but undecompoſed, nitric acid ſoon begins 
to come over, and leaves the magneſia pure in the retort, This decompoſition 
requires only a very moderate degree of heat, a circumſtance which ſhows that 
the elements of nitrat of niagneſia have only a weak affinity for each other. 

Nitrat of magneſia is only in part decompoſed by ammoniac, and a triple ſalt is 
formed, which Fourcroy firſt obſerved, and which he terms ammoniaco-magne- 


ſian nitrat. I his ſalt confiſts, according to Bergman, of 27 magneſia, 43 nitric, 


and 30 water; but this is not to be depended on; for it is impoſſible to ſeparate 
the water of cryſtallization, without diffipating a portion of the nitric acid. Sce 
Jaurn. Polytech, p. 381. 
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NOTES ON CHAPTER IX. 


SULPHAT OF ALUMINE, 


! The addition of a certain portion of alkali is now ſhown to be neceſſary to 
the formation of alum, The neceſſity of this addition had been known for a long 
time in the manufacturing of this ſubſtance ; but it was conceived, that the only 
uſe of the alkali was to ſaturate the exceſs of acid. Bergman, however, had re- 
marked, that the addition of ſoda or lime did not promote the cryſtalization of 
alum when uſed as ſubſtitutes for potaſh and ammoniac. He did not, however, 
ſeem to know that the potaſh entered into the formation of the alum, This cu- 
rious fact was fully aſcertained by the experiments of Vauquelin, He found, that 
the addition of the ſulphat of potaſh was equally efficacious in promoting the 
cyrſtalization of alum with the potaſh itſelf, and that the ſame effect was pro- 
duced by the ſulphat of ammoniac. | 
Bergman had alſo obſerved, that not only the common alum, but alſo the Ro- 

man, when decompoſed by ammoniac, afforded a ſmall quantity of ſulphat of 
potaſh, In analyſing the different kinds of alum, Vauquelin found that they all 
contained ſulphat of potaſh, or of ammoniac, and frequently both of theſe ſub- 
flances at the ſame time. 100 parts of alum was found to conſiſt of 
_ Sulphat of alumine, - - 49 


hed 
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Sulphat of potaſh, a 2 7 

Water, — 3 44 
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Vauquelin prefers the addition of the ſulphat of potaſh to the pure potaſh, not 
only becauſe it is cheaper, but alſo becauſe it will not, like the pure potaſh, decom- 
poſe any portion of the ſulphat of alumine. The alum of commerce, therefore, is not 
to be conſidered as a ſimple binary compound, but rather as a triple, and ſometimes 
a quadruple ſalt, From this circumſtance Vauquelin diſtinguiſhes ſeven different 
combinations of ſulphuric acid with alumine. The firſt is the pure fulphat of alu- 


mine, This ſalt, which is aſtringent, cryſtallizes in plates, and is ſoluble i in water, 
has not yet been deſcribed. 


2. Acid fulphat of alumine, with exceſs of acid. It differs from the former only 
by giving a red colour to the blue vegetable 2 Like the formet, this ſalt 
has not been deſcribed. 
| 3. Saturated ſulpbat of alumine and potaſs. This is the alum of chemiſts ſaturated 
A with its own earth. It is pulverulent, inſipid, inſoluble in water, incryſtallizable 
ind capable of being converted into true alum, by the addition of ſulphuric acid. 

4. Acid fulphat of alumine and pete. This ſalt, which is eaſily prepared, has a 
Arong reſemblance to common alum. 3 3 
5. Acid ſulphat of alumine and ammoniac. This ſubſtance, which is eaſily prepared 
= the laboratory, poſſeſſes all the properties of alum. 
= 6. 4cid ſulpbat of alumine, potaſb, and ammoniac. This is the common alum of the 
mops. , 

7. Acidulous fulphat of alumine and potaſs. Vauquelin obtained this ſalt by adding 
a little more potaſh to the alum than is neceſſary for its ordinary cryſtallization. 
aſtead of octahedral cryſtals, it afforded a falt under the cubic form. See An. de 
em. Tom. XXII. p. 258, 280; XXIII. p. 222; XXIV. p. 198; XXV. p. 107. | 
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PYROPHORUS. , 


m Tt appears from the experiments of Scheele, that alum affords pyrophorus on- 
ly in proportion to the quantity of fixed alkali which it contains, or in proportion 
to the quantity of alkali obtained from the combuſtion of the carbonaceous ſubſtance 
employed. Aluminous earth does not appear to be eſſential to the formation of py. 
rophorus, for it may be fermed by burning a mixture of equal parts of Glauber ſalts 
and meal, four parts of ſulphat of potaſh with five of meal, equal parts of potaſh 
and meal with one-fourth of ſulphur; or, according to Bergman, one part of mi. 
neral alkali with a fourth of ſulphur, and one-third of charcoal powder ; or, ac- 
cording to Scheele, ſulphat of potaſh calcined with three parts of charcoal powder, 

Pyrophorus, according to the experiments of Lavoiſier, diminiſhes the volume 
of atmoſpheric air from 160 to 72F. The diminution of the air by the combuſ- 
tion of this ſubſtance, had before this been obſerved by Hales, and confirmed by 


Pr ieſtley. 
Oxygen gas was reduced to one- ſeventh of its volume by combuſtion with py. 


rophorus, and when the remainder was waſhed with lime water, and inflamed 


anew, only a very ſmall portion of the original volume remained undecompoſed. 

Prieſtley obſerved that pyrophorus inflames, but more weakly in nitrous gas 
than in atmoſpherical air, In this experiment the nitrous gas was diminiſhed 
about one half its velume. 
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SULPHITE OF ALUMINE 
[After © inſoluble in water”, p. 66. L 4. from the bottem.] 
n Ts inſoluble in water, but it becomes abundantly ſo by exceſs of acid. Its ſo- 
lution does not cryſtallize by contact of air, but it becomes a ductile and ſoft mals 
Fire diſengages the ſulphureous acid. All the alkalis and earths decompoſe it, a 
go alſo all the mineral acids. It conſiſts of 
Alumine, 44 
Sulphureous acid, 32 
Water , — 4 
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NITRAT OF ALUNMINE. « 

| In line 5th, p. 67.] 
— heat decompoſes this ſalt, without decompoſing the nitric acid. | . 
is always lightly acid, whatever may be the quantity of alumine employcd tv 
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GLUCINE. 


[At the end of Chap. IX.] . 

? Vanquelin has diſcovered a new earth in his analyſis of the beril, to which be 
has given the name of glucine, that ſeems to have many properties in common witi 

alumine. The ſolution of this earth, however, in carbonic acid, does not, like that H 
of alumine, afford alum by the addition of ſulphat of potaſu. This circumſtan BY 
induced Vauquelin to compare theſe two earths together, under a great ma"! 

different points of view, I 


— nan 


This note ought to have been inſerted in line 3d, page 66. The reader is 
gueſted to inſert the references to the following notes, which have been omitted 3 | 
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Experiment 1. He diſſolved, ſeparately, equal quantities of alumine and the 
earth of beril in nitric acid to perſect ſaturation. The ſalt which reſulted from 


the combination of the earth of beril with nitric acid, did not ſeem to be ſuicep- 


tible of cryſtallization, it powerfully retained its humidity, and, in drying, formed 
2 kind of ductile paſte, which attracted humidity ſtrongly ; when * to che 
air, its taſte is very ſweet at firſt, and afterwards aſtringent. 

2. Nitrat of alumine cryſtallizes alſo with difficulty, but it does not — hu- 


4 its taſte is not ſweet, like that of the nitrat formed 


with the carth of beril. 

The nitrat of alumine, mixed with a ſolution of nut galls in alcohol, was not 
precipitated; the liquor acquired a ſlightly greeniſh colour, and loſt a little of its 
tranſpareney. At the end, however, of ſome hours, a greyiſh precipitate was pro- 
duced by diluting the liquor with water. 

The nitrat of the earth of beril, mixed with the ſame reagent, afforded imme- 
diately a flaky depoſit of a brown yellow colour. 

3. Nitrat of alumine, mixed with oxalat of potaſh, produced immediately a pre- 
cipitate in the form of very copious white flakes, which collecting at the bottom 
of the veſſel, left the liquor quite clear. 

4. The nitrat of the earth of beril, with the ſame reagent, did not exhibit the 
ſmalleſt appearance of a precipitate, even after ſome days, 

5. Nitrat of alumine, mixed with tartarite of potaſh, occaſioned an immedixt 
flaky depoſit, and the ſupernatant liquor became colourleſs. 

6. Nitrat of the earth of beril, with the ſame reagent, exhibited no ſign of pre- 
cipitation, even after ſeveral days. 

7: Nitrat of alumine, mixed with a ſolution of phoſphat of ſoda, afforded a fe- 

mi-tranſparent gelatinous precipitate, which was depoſited very flowly. 

3. Nitrat of the carth of beril formed alſo a precipitate with the ſame reagent, 


but it was lefs gelatinous, and leſs tranſparent; it was alſo more ſpeedily depo- 


ſited, 

9. Nitrat of aluntine, mixed with very pure ptuſſiat of potaſh, inſtantly afford. 
ed a very copions whitiſh precipitate, which became greeniſh at the end of ſome 
hours. 

ro. Nitrat of the earth of beril, with the fame reagent, produced no precipitate 
even at the end of ſeveral days. 

11. Nitrat of aluniine, mixed with a ſaturated ſolution of potaſh, produced a ge- 
latinous ſemi-tranſparent mixture, which was ſoon filled with 4 number of gaſeous 
bubbles that raiſed it to the top of the liquor. 

12, Nitrat of the earth of beril afforded a flaky precipitate with the ſame te- 
agent, which was not filled with bubbles like the ſormer, and which fell to the 
bottom of the liquor. 

t3. Nitrat of alumine, mixed with a ſolution of cauſtic potaſh, afforded à gela- 
tinous depoſit, which was diffolved by an exceſs of alkali. 

14. Nitrat of the earth of beril, treated with the ſame reagent, formed a fimilar 
depoſit ; but a greater quantity of alkali was neceſſary to diffolve it. . 

15. Nitrat of alumine, mixed with a ſolution of carbonat of ammoniac, forms in 
it a precipitate which an exceſs of alkali does not diſſolve. 

16. Nitrat of the earth of beril, mixed with the ſame reagent, gave alſo a preci« 
cipitate ; but an exceſs of alkali diſſolved it completely. 

Sec Ann, de Chem. Tom XXVI. p. 153, 259- 
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NOTES ON CHAPTER X. 


SULPHAT OF BARYTES. 


Un line 22d, p. 72.] 

r in the preparation of pure barytic earth, Vauquelin prefers the nitric to the 
muriatic acid. The nitrat of barytes is afterwards decompoſed by expoſure to the 
fire. If the carth obtained in this manner be uſed for the preparation of the mu- 
riat of barytes, it is better not to add to it directly the muriatic acid, but rather to 
decompoſe by it the muriat of ſoda, The muriat of barytes will cryſtallize, and 
leave the alkali in a ſtate of cauſticity, The alkali may be cryſtallized, by adding 
to it carbonic acid. Journ. de Phy/. 1794, Pp. 297- 


th. — 


SULPHITE OF BARYTES. 
In line 20th, p. 73-] 
This ſalt does not cryſtallize. It has no ſenſible taſte, and is completely in- 
ſoluble in water. Neither is it, like the other earthy ſulphites, rendered ſoluble by 
exceſs of acid. 
Fire changes it into a ſulphat, This effect is very ſlowly produced by the ac - 
tion of air, ng 
It is not decompoſed by any alkali or earth. 
Acids decompoſe it, 
Alkaline carbonats are the only neutral ſalts which decompoſe it. c 
It conſiſts of * 
Barytes, 59 
Sulphureous acid, 39 
— - Water, - 2 


- 6 


NITRAT OF BARYTES. 


[In line 2d, p. 74.] 

Vauquelin remarks, that the taſte of this ſalt, like moſt of the 76S A of 
barytes, is piguant and metallic. Its form is that of a particular octahedron. Ten 
or twelve parts of cold water are required to diſſolve it. Warm water diſſolves 
a much greater quantity, ſo that a great part of it cryſtallizes by cooling. 

The decompoſition by heat affords barytes in a purer ſtate than by any of the 
ordinary proceſſes, In this ſtate the barytes is of a greyiſh colour, and has a cau- 
ſtic taſte, much ſtronger than that of lime. Cold water diſſolves 0,04 of its weight 
of this earth. Its ſolution, expoſed to the air, exhibits a pellicle like lime- water. 
It is rendered turbid by air expelled from the lungs, and forms a very copious pre- 
cipitate with ſalphuric acid. 

This ſolution, reduced in cloſe veſſels by evaporation to one-fourth of its volume, 
is not diſturbed, but affords, by cooling, yery beautiful tranſparent cryſtals. Theſe 
cryſtals efloreſce when expoſed to the air, and acquire the property of effer- 
veſcing with acids. The great ſolubility and eaſy cryſtallization of the barytes, 
are very remarkable. 

This earth, expoſed to the air, is reduced to a powder, white, and extremely 
fine, which occupies a ſpace four or five times its original volume, 

When we add a few drops of water to this carth, a ſtrong heat is inſlantly pro- 
duced; vapours riſe, and the earth falls into a white ſhining powder of four or five 
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times its original volume, If a ſufficient quantity be added to form a paſte, it be- 
comes white, and ſwells; but it aſſumes, in cooling, the hardneſs of a ſtone. This 
method of obtaining barytes in a pure ſtate, is to be preferred to that of calcining 
carbonat of barytes. 

Pruſſiat of potaſh, when added to a ſolution of this ſalt, produces an immediate 
decompoſition. But the nature of the ſalt which is formed, has not yet been ex- 


amined. See Journ. Polytech. p. 380. 


MURIAT OF BARYTES. 


Un line 13th from the bottom of p. 75.] 

u This ſalt is uſually prepared by decompoſing the ſulphure of barytes with mu- 
riatic acid; but as the ſulphat of barytes often contains oxyd of iron, the muriatie 
unites to it at the ſame time with the barytes, from which this ſalt receives a yel- 
low colour. We ſeparate the oxyd eaſily, by expoſing it in a crucible to the fire 
for ſome minutes. When it begins to redden, the muriat of iron is decompoſed, 
its acid volatilized, and the oxyd remains mixed with the muriat of bazytes, from 
which it may be ſeparated by ſolution in water. 

This ſalt has a bitter and metallic taſte, It requires for its ſolution from five to 
ſix parts of cold water. It is more ſoluble in warm, and cryftalizes by tools 
* ; 

The nitric acid alſo decompoſes the muriat of barytes. When a few drops of 
nitric acid are added to a concentrated ſolution of this ſalt, a cryſtallized precipi- 
tate is formed, which requires ten or twelve parts of water to diſſolve. Hence, in 
uſing muriat of barytes to diſcover whether nitric acid contains any ſulphuric, it 


1s neceſſary to dilute theſe liquors properly, otherwiſe we may be apt to err, in at- 


tributing to the ſulphuric a precipitate which is produced by the combination of 
the nitric acid with barytes. 

Oxalic acid produces the ſame effect. A cryſtalline depoſit is produced, which 
diſſolves in about twenty times its weight of water, Next to the ſulphuric it has 


the greateſt affinity. See Fourn Polytech. p. 416. 


This falt has of late years been uſed as a remedy againſt ſcrophula. Van Mons 
prepares it by the following proceſs : Equal parts of ſulphat of barytes, and ſatu- 
rated carbonat of potaſh, are mixed with ©,25 of water. This mixture is put into 
an earthen crucible, and heated till it melts. It is then to be withdrawn, and, 
when cool, pulverized and thrown into water. I he reſidue of this maſs is put in- 
to twice its weight of rain water; it is then made to boih, and pure muriatic acid 
added till all efferveſcence ceaſes. The liquor is then filtered,” and the ſalt allow- 
ed to cryſtallize. - The cryſtallization may be accelerated by heating the liquor, 
and by adding to it a few cryſtals of muriat of barytes. Van Mons varies this 
proceſs a little, when there is reaſon to ſuſpe that the ſulphat of barytes contains 
any metallic particles. To the mixture of ſulphat of barytes and potaſh he adds 
0,07 of powder of charcoal, As ſoon as the mixture begins to redden, it is taken 
from the fire, and waſhed with water. It is afterwards boiled with a ſmall quan- 
tity of alkali, which forms a ſulphure with any of the ſulphur which may remain 
mixed with it. This being done, it is to be waſhed in warm water, ſaturated 
with muriatic acid, and cryſtallized. The carbon in this proceſs diſoxygenates 
the metallic particles, which are aſterwards diſſolved and carried off by — 
line ſulphure. See Journ. de Phy/. 1794, P. 297« 
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CARBONAT OF BARYTES. 


[In line Sth, p. 76.] N 
w When this ſubſtance, after having been long expoſed to the fire, is warmed 
with boiling water, and the ſolution filtered, the barytic earth ſhoots into ſmall 
cryſtals, ſome of which are evidently of an octahedral figure. This fact has been 
obſerved by Klaproth, Vauquelin, and Pelletier. See Klaeproth's Bertrage, 1. 89. 
This ſubſtance, like the carbonat of lime, becomes ſoluble by an exceſs of acid, 
The ſuper-ſaturated carbonat is an extremely uſeful ſubſtance in chemical experi- 
ments. It ſerves to precipitate the ſulphuric acid, by the inſoluble compound 
whioh it forms with it. It ſerves to purify the phoſphoric acid from the ſulphu- 
ric, and the carbonats of potaſh and ſoda from the ſulphat which they contain. 
It is prepared with great care, by putting ſome carbonat of barytes, or, which 
is the ſame thing, barytes precipitated from muriatic acid by an alkaline carbonat, 
into a bottle of water impregnated with carbonic acid. The bottle is inverted, 
and the mixture left to digeſt in the cold for ſome hours, This ſolution is fil- 
tered, and kept in inverted bottles, to prevent the eſcape of the carbonic acid. 
By digeſtiug ſome of the ſulphat of barytes in water impregnated with carbonic 
acid, Morveau obtained ſome carbonat of barytes with an exceſs of acid. Hs 
conceives that a ſmall portion of the carbonat is mixed with the ſulphat. 
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NEUTRAL SALTS, WITH BASE OF STRONTIAN. 


[At the end of Chap. X.] 


* As theſe ſalts have ſome properties in common with thoſe of the barytic ge- 
nus, it may not be improper to exhibit a ſew of their principal characters. 


1 — 


SULPHAT OF STRONTIAN. 


This falt, when formed by art, exiſts in the form of a white powder, It ha 
no taſte, and very little ſolubility in water. Of one grain boiled for ſome minutes 
in four ounces of diſtilled water, only half a grain was diſſolved. The ſolution 
became turbid, by the addition of the carbonat of potaſh, and muriat of barytes. 
Sulphuric acid, when aided by heat, readily diſſolves it. An effuſion of water, 
however, cauſes the acid to part with the ſulphat of ſtrontian. 
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NITRAT OF STRONTIAN. 


Cryſtallizes into octahedral cryſtals, 

The nitrat of ſtrontian gives to the flame of alcohol a red colour. 

This ſalt has a ſtrong pungent taſte. It is very ſoluble in water. An ounce of 
diſtilled water, at the temperature of 60, diflolved an equal weight. With the aid 
of a boiling heat, the ſame quantity diſſolved x ounce 7 drachms 14 grains, Nitrat 
of ſtrontian, in a dry air, loſes its water of cryſtallization ; in a moiſt, it attracts 
humidity, | 

Like all other nitrats, it.deflagrates on hot coals: Subjected to heat in a ern · 
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cible, it decrepitates gently, and then melts. When the heat riſes to redneſs, it 
begins to boil, and the acid is diſſipated. If a combuſtible ſubſtance be brought 
into contact with it, a deflagration with a very beautiful vivid red flame is pro- 
duced. 


MURIAT OF STRONTIAN, 


The cryſtals of this ſalt are lender delicate priſms, ſometimes two inches long, 
having a ſoft ſilky appearance. Theſe priſms are all hexagonal, ſome having all 
their ſides equal, others having two broad ſides, with two intervening narrow ones, 
while another ſort is ſeen with three broad, alternating with three narrow ſides. 
At one time they end abruptly, at another, an obtuſe trihedral pyramid termi- 
nates them, and now and then they are ſeen pointed like a needle. If a few drops 
of a ſolution of this ſalt be put on a plated glaſs, it will ſoon diſcover itſelf, by 
ſhooting into long flender needles, which are often diſpoſed in a riadiated form. 

Theſe cryſtals, when ſtrongly dried, ſuffer little change from expoſure to air. 
They deliqueſce, however, in a moiſt atmoſphere. At the temperature of 609, an 
ounce of diſtilled water is capable of diſſolving x ounce 4 drachms and 1 ſeruple 
of this ſalt. The ſolubility of muriat of ſtrontian is greatly increaſed by heat. 

It is ſoluble alſo in rectified ſpirit of wine, and communicates to it the property 
of burning with a dark red flame. 


7 


If ſtrong muriatic acid be added to a ſaturated ſolution of this ſalt, an immedi- | 


ate precipitation is produced. 


The taſte of this alt is ſharp and penetrating, It loſes 42 per cent. by expoſure 


to d ſtrong fire, and is converted into a white powder, which melts when the 
crucible is heated to redneſs. Its acid is not diffipated by fuſion in a ſtrong fire, 
though this effect may be produced by expoſing it to the ſtronger heat of a blow- 
Pipe. 


FLUAT OF STRONTIAN. 


When fluoric acid is added to a ſolution of ſtrontian in water, a white powder 
falls to the bottom, which is fluat of ſtrontian. The properties of this ſalt, which 
is not very ſoluble in water, have hitherto been but little inveſtigated. 


BORAT OF STRONTIAN 


Seems to be but very ſparingly ſoluble in cold water. It requires about 130 
times its own weight of boiling water to diffolve it. The ſolution changes to a 


green, the colour of paper ſtained with the juice of violet. This ſalt has alſo been 


but little examined. 
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CARBONAT OF STRONTIAN. 


Strontian, a ſubſtance very ſoluble in water, becomes ſcarcely ſo by uniting 
With carbonic acid. With au excels of this avid its ſolubility is increafed like that 


N 
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of lime or barytes. Its taſte is inſipid. It is diſſolved with efferveſcence, by a 
great number of acids, Carbonat of ſtrontian has been found to contain about 
zo per cent, of carbonic acid. This acid can be expelled from it only in a very 
violent fire. It acquires by this an acrimonious taſte, and diſſolves readily in wa. 
ter. When alittle water is poured on it in this ſtate, it ſwells, burſts with a hi. 
ſing noiſe, and becomes hot like lime. 


_ — 
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POINTS OF DIFFERENCE BETWEEN BARYTES AND STRONTIAN, 


Native carbonat of ſtrontian has a ſhade of clear green, which that of barytes 

has not. It requires more muriatic acid to diſſolve it ; it contains more carhonic 
acid. Muriat of ſtrontian cryſtallizes by cooling, while that of barytes cryſtalli. 
zes by evaporation. The cryſtals of the former are priſms with fix ſides, the lat. 
ter are plates bevelled at the edges. The ſolution of muriat of ſtrontian is cor- 
verted into a jelly by evaporation, while muriat of barytes drics in cryſtallized 
plates. The former, which is very ſoluble in alcohol, burns in it with a beantiful 
blue flame ; the latter, which is almoſt inſoluble in that fluid, gives to it a yellow 
flame. 
The greateſt and moſt remarkable difference which exiſt between the ſtrontian 
and barytes, is the weaker affinity which the ſtrontian has for acids than barytes, 
and even alkalis have, ſo that the ſolution of barytes precipitates. the muriat of 
ſtrontian in white flakes. 

Nitrat of ſtrontian differs from that of 3 Iſt, In giving out more nitrous 
gas during its decompoſition by fire, the nitric acid adhering leſs ſtrongly to it 
than to the barytes ; and, adly, In being three times more ſoluble in water, 

Strontian earth obtained from the nitrat by means of fire, is leſs acrid than ba- 
rytes; it does not melt, like barytes, with the blow-pipe, but ſhines with a phoſ- 
phoric flame. It is nearly ten times leſs ſoluble in water ; its affinity appears to 
be weaker than that of lime, ſince it does not ſeparate it from acids, When pre- 
cipitated by oxalic acid, it does not diffolve in an exceſs of that acid, like barytes, 
Sulphat of ſtrontian, on the contrary, is ſoluble in an exceſs of ſulphuric acid, 
while ſulphat of barytes is inſoluble. The ſolution of ſtrontian in water is not 
precipirated with the gallic acid, while that of barytes gives with that a greeniſh 
precipitate. See Klaproth's Bertrage. Dr. Hope, Edin. Phil. Tranſ. Pelldtin, 
Aun, de CI m. Tom. XXI. p. 113. Fourcroy and Vauguelin, p. 276. 
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NEUTRAI, SALTS, WITH BASE OF ZIRCONIA. 


[At the end alſo of Chap. X. 


Y Zirconia combines with acids, and forms ſalts, ſome of which are ſoluble, and 
others very inſoluble in water. To the ſoluble belong the ſulphat, ſulphite, phol- 
phat, phoſphite, fluat, borat, carbonat, oxalat, citrat, tartarite, gallat, ſacolactat. 
and to the inſoluble, the nitrat, muriat, acetat, acetite, benzoat and malat. 

In order that the combination of the zirconia may be readily produced, it is ne- 
ceflary that this earth be very much divided, and ſtill humid, ſuch as it exiſts 
when newly precipitated from its ſolvents. It enters into theſe combinations ve- 
ry difficultly after it has beea dried in the fire, or even in the heat of an ordinary 
ſtove, This earth adheres weakly to acids, for the action of even a low heat 15 
ſafficient to deſtroy its combination. This is alſo ſhown by its yielding its acids te 
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the alkalis and to all the other earths. The neutral ſalts, with zirconia, have a 
very conſiderable aſtringent taſte, reſembling greatly that of many metallic ſalts. 
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SULPHAT OF ZIRCONIA. 

Sulphuric acid and zirconia unite readily, The ſalt which reſults from this 
combination is white, inſoluble in water, and without any ſenſible taſte. Heat 
decompoſes it, and leaves the.zircon pure. It is not affected by acids, but alkalis 
and earths decompoſe it. Carbon converts it in a high temperature into a ſul - 

ure, which is ſoluble in water; and this ſolution affords by evaporation cryſtals 
of Lydreſulphure of zircon. 


— 
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NITRAT OF ZIRCON. 

The nitric acid alſo combines with zircon, when it is in the humid ſtate. It is 
impoſſible, however, to ſaturate the nitric acid with this earth, ſo as to deſtroy its 
2cid properties, for the nitrat of zircon always changes the blue infuſions of vege- 
tables in the ſame manner with acids. ' | 

The ſolution of nitrat of zircon, when evaporated by a gentle heat, affords a 4 
yellowiſh tranſparent, extremely tenaceous and viſcous matter, which can be dried | 
BS only with great difficulty. This falt has a ſyptic and aftringent taſte, and leaves 
2 thick matter on the tongue, which is produced from a decompoſition occaſioned 
by the ſaliva. Nitrat of zircon diſſolves only in a very ſmall quantity in water. 
To obtain it in a ſtate of cryſtallization; it is neceſſary to evaporate it in a very 
gentle heat, or by ſimple expoſure to the air. Zirconia has the weakeſt affinity 
of all known earthy ſubſtances for acids. | 

The nitrat of zircon is decompoſed by ſulphuric acid, which forms with it a 
white precipitate, ſoluble in an exceſs of.that acid ; 2dly, By carbonat of ammoniac, 
which produces in it a depoſit ſoluble in an excgſs of that ſalt ; 3dly, By an infuſion 
of galls in alcohol, a white precipitate is produced, ſoluble in an exceſs of the infu- 
ſion ; but if the zircon contains iron, the precipitate is of a blue colour, approaching 
to grey, a portion of which remains in ſolution, and gives to the liquor a pure 
blue colour. This liquor, when mixed with carbonat of ammoniac, jaffords a mat- 
ter purple with refracted, and violet with reflected rays. Cryſtallized gallic acid 
precipitates alſo the nitrat of zircon, of a blueiſh grey colour; but this colour is 


not ſo beautiful, The greater part of the vegetable acids take zircon from the 
nitric, and form with it inſoluble compounds, 


- 


* MURIAT OF ZIRCON. 


The muriatic acid unites readily with zircon, when it is divided or combined 
with carbonic acid, but it becomes incapable of combination with it after this 
earth has been brought to a flight red heat in the fire. 


I 


| 

Muriat of zircon has no colour, lts taſte is aſtringent; it is very ſoluble, and | 
diſſolves equally well in alcohol, to the flame of which it does not communicate | 
| 

| 

| 


any particular colour, The muriatic acid is expelled by heat. This ſalt forms \ 
concretions in the mouth in conſequence of being decompoſed by the ſaliva, The 
ſolution of this (alt affords, by a careful evaporation, ſmall tranſparent needly- like 
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cryſtals, of a form difficult to be determined. This ſalt loſes its tranſpareney in 
the air, by giving out a portion of its water of cryſtallization, When muriat of 
zircon contains ſome portions of ſilex, cubical cryſtals are produced, which have x 
conſiſtence reſembling that of a jelly. Theſe cubical cryſtals, when expoſed to the 
air, gradually loſe their tranſparency, and ſuffer a diminution of volume. White 
and filky needles are at the ſame time formed in the maſs of this ſalt, which pro. 
ject beyond the cubes from which they take their riſe. The affinity of the mu- 
riatic acid for, zircon, is the ſame with the nitric, ſo far as earths and alkalis are 
concerned. 

Muriat of zircon is decompoſed, 1. By ſulphuric acid. A part of the fulphat 
of zircon which is formed, is precipitated in the form of heavy white flocks, 
while another portion is retained in ſolution by the muriatic acid. But if this 
acid be diſſipated by heat, the remaining portion of the ſulphat of zircon is grady. 
ally depoſited, and if the evaporation of the liquor be ſtopped before that is redu- 
ced to dryneſs, it forms a kind of jelly by cooling. The ſulphat of zircon is there. 
fore ſoluble in muriatic acid; and this ſolubility is increaſed by means of c- 
loric. 

2. The phoſphoric, citric, tartarous, oxalic, and ſacolactic acids decompoſe the 
muriat of zircon, and form with its baſe inſoluble compounds, which are precipi- 
tated inthe form of white flocks, 

3- The gallic acid precipitates the muriat of zircon in the form of a white 
matter, or in that of a greyiſh green, if it contain iron. In the latter caſe the 
depoſit acquires, by drying, a ſhining black colour, like that of China- ink. The 
liquor in which the gallats of zircon and iron have been formed, preſerves; 
greeniſh colour, and though freſh quantities of gallic acid do not occaſion any 
more precipitation, the carbonat of ammoniac ſeparates a very copious flocky mat. 
ter, which has a purpliſh colour, ſimilar to that of lees of wine. 

Theſe experiments prove, 1it, That the gallic acid has a greater affinity with 
zircon than the muriatic acid poſſeſſes, and that the gallats of zircon and iron are 
ſoluble in muriatic acid, ſince a pact of them remained in ſolution in che liquet 
-which was ſeparated by carbonat of ammoniac. 

2. Carbonat of potaſh, ſaturated with carbonic acid, precipitates zircon from its 
ſolution in muriatic acid; and though this ſolution be made with efferveſcence, the 
precipitate, when waſhed and dried in the air, retains a large portion of carbon 
acid, for this earth afterwards produces a lively effet veſcence, when diſſolved i 
acids. 

3. A ſolution of ſulphurated hydrogen gas in water, mixed with a ſolution d 
muriat of zircon containing iron, diſturbs the tranfparency of the ſolution, al i 
gives to it a reddiſh colour; but it does not occaſion a true precipitate. The hy : 
dro-ſulphure of ammoniac inſtantly precipitates this ſalt of a beautiful green Wi 
lour, which becomes black when dry. This precipitate, when placed on buri- ; 
ing coals, gives out the ſmell of ſulphurated hydrogen gas, and becomes of a blue F 
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iſh flightly purpliſh colour by pulverization, before that it has been heated it + 
fords a powder of a pearl grey colour. This colour is owing to the oxyd of 1 
combined with the zircon. F 

4. The carbonat of ammoniac produces at firſt a depoſition in muriat of zie 
but freſh quantities of the ammoniacal ſalt rediſſolve the greater part of the pi 
cipitate. In this caſe a triple ſalt is formed, which may be decompoſed by heat. 

5. The pruſſiat of mercury produces in the ſolution of muriat of zircon, a * 
copious precipitate, ſoluble in muriatic acid. This depoſition caunot be owing "i 
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the combination of the mercury with the muriatic acid, for none of the ſalts into 
which it enters forms a precipitate with the pruſſiat of mercury. Were we even 
to ſuppoſe this caſe to be an exception, {till the depoſition would not be ſoluble in 


ſimple muriatic acid. 
6. A plate of zinc, introduced into a ſolution of muriat of zircon, occaſions a 


flight efferveſcence, owing to the diſengagement of hydrogen gas. The liquor 
becomes milky, and at the end of ſome days aſſumes the ſorm of a white ſemi-rranſ. 


parent jelly. 
7. Pure alumine decompoſes the muriat of zircon, by t the aſſiſtance of a flight 


heat. The alumine is diſſolved, the liquor becomes milky, and aſſumes a gelati- 


nous form by cooling, When the muriat of zircon contains iron, it remains in 
ſolution along with the alumine, ſo that the zircon which is precipitated does not 


contain any ſenſible quantity of that metal. See Klaproth's Bertrige. F auquelin, 


Ann, de Chem, Tom. XXII. p. x79. 
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MINERALOGY. 


b SECTION II. 
COMBUSTIBLE BODIES. 
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CHAPTER I. 


CONCERNING COMBUSTIBLE BODIES IN GENERAL. 


Wx have already ſpoken of combuſtion in the hiſtory of air, 
The order we have adopted requires a ſhort recapitulation in 
this place of the doctrines there maintained. 

A combuſtible body, according to Stahl, is a compound 
which contains fixed fire or phlogiſton ; combuſtion, according 
to his theory, conſiſts in its diſengagement, and its tranſition 
to the ſtate of liberty; which are manifeſted by light and heat. 
When this proceſs is entirely finiſhed, the body enters the claſs 
of incombuſtible matters, and may regain its original combuſti- 
bility by receiving its phlogiſton, or by becoming again united 
to the matter of fire transferred to it from another body. We 
have taken notice of four principal difficulties in this theory: 


1. The impoſlibility of aſcertaining the preſence of phlogiſton. 
2. The augmentation of weight by combuſtion, which cannot 


be imagined to ariſe from the loſs of a principle. 3. The loſs 
of weight which a body ſuſtains when it paſles from the in- 
combuſtible to the inflammable ſtate, by the addition of phlo- 
giſton. 4. The little attention Stahl paid to the neceſſity of 
air in combuſtion. 2 

A. more accurate obſervation of this laſt phenomenon, and 
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the augmentation of weight which combuſtible bodies acquire 
by being burned, has given birth to the following theory. 
Bodies are combuſtible, becauſe they tend ſtrongly to com- 
bine with the baſe of vital air or oxygen, and combuſtion is 
the proceſs by which this combination is effected. It takes 
place only in proportion as the oxygen loſes the caloric which 
maintained its aerial ſtate, The four following facts conſtitute 
the baſis of this opinion. 1. Bodies cannot burn without air. 
2. The purer the air, the more rapid the combuſtion, 3. By 
-combuſtion air is abſorbed, and the weight of the burned body 
augmented. 4. Laſtly, The body burned in the atmoſphere 
contains the portion of oxygen which the atmoſphere loſt ; and 
this portion may in ſome caſes be extracted by different me- 
thods hereafter to be deſcribed. 
Macquer united this theory with that of Stahl, by conſider- 
ing fixed light as phlogiſton, and admitting vital air as the 
precipitant of light. He ſuppoſed that in every combuſtion 
the phlogiſton was ſeparated, in the form of light, by the vital 
air which occupied its. place in the combuſtible body; and he 
conſidered theſe two ſubſtances, light and vital air, as mutual 
precipitants of each other. So that when fixed light paſles 
from a combuſtible body into a body already burned, he ſup- 
poſed that this tranſition is made only in proportion as the vital 
air united with the . barned body gives place to the matter of 
light, and becomes itſelf transferred into the other ſubſtance 
from which the light eſcapes. The ſtrict and accurate form 
which the modern doctrine has for ſome years acquired, does 
not either require, or even permit, our. having recourſe to 
complicated and forced theories: by referring to it in this 
place, we only add to the perſpicuity and clearneſs of our enun- 
cation, 
= Vital air is compoſed of a fixable baſe, called oxygen, held 
Ja ſolution in the ſtate of elaſtic fluidity by the matter of fire 
Wor light. When a combuſtible body is heated in this fluid, it 
decompoſes the vital air by ſeizing its oxygen; the matter of 
re being at the ſame time ſet at liberty, and eſcaping with 
he appearance of its diſtinguiſhing characters, namely, heat 
End light, which conſtitute flame. According to this hypo- 
Pheſis, vital air is the true and only combuſtible body. This 
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we admit in the body which maintains the combuſtion; while 


leſs degree of combuſtibility appears to depend on theſe varia. 


caloric, | paſſes tacitly from that body to another. 
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theory does not ſeem to reje& the preſence of phlogiſton, which 
is here exhibited in the form of light; but it differs from that 
of Stahl, by the place allotted to phlogiſton or fixed fire, which 


Stahl imagined it to exiſt in the combuſtible body. The ſame 
objection may likewiſe be made againſt the oxygenous principle 
of vital air, as has been urged againſt the phlogiſton of Stahl. 
In fact, this principle has not yet been exhibited in an inſu- 
lated or pure ſtate, ſince it always exiſts, either combined with 
caloric in vital air, or with combuſtible bodies after they have 
been burned. Like phlogiſton, it is only perceived to paſs 
from one body to another, and to change its combination, with. 
out being capable of a ſeparate exhibition in a ſtate of purity; 
nevertheleſs, there is a great difference between the two theo. 
Ties ; the latter (which we admit) poſſeſſes all the character; 
of accuracy and truth; it is founded on the addition and ſub. 
traction of weight, which could never be done in the doctrint Bi 
of Stahl. ; 

The different combuſtible bodies vary tuner in their re. 
ſpective tendency to combine with oxygen; and the greater or 


tions: ſo that a table of the order of their combuſtibility or f 
affinity with vital air may be hence conſtructed. | 

This variety of affinity between combuſtible bodies and oxy- 
gen, is the cauſe of the different phenomena they preſent dur. 
ing their combination with that fluid; four kinds of cemnbuſtio 
may therefore be diſtinguiſhed, ; 

1. Combuſtion attended with flame and have, ſuch as, for 
example, the combuſtion of ſulphur. ; 

2. Combuſtion attended with heat, but without flame, 
that of ſeveral metals. a 
3. Combuſtion with flame, but without heat, as that cf 
phoſphorus, &c. 

4. Slow combuſtion, without apparent heat or flame, ſuci M 
as takes place by the contact of certain combuttible bodies WW 
with air, or when the oxygen fixed in a body, and deprived i 
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It muſt be obſerved, that the phenomena of combuſtion dif-W 
fer likewiſe in many other reſpects, peculiar to each com- 
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buſtible body. The rapidity, colour, and magnitude of the 


flame ; the ſmell which accompanies it; the quantity of oxy= _ 


gen abſorbed ; the form, the colour, the weight, and other 
properties of the reſidue; together with other concomitant cir- 
cumſtances, which it is needleſs to explain in this place, be- 
cauſe they will be treated with that attention which the im- 
portance of the ſubject demands, in the account of each com- 
buſtible body, ſerve to eſtabliſh eſſential differences, well a- 
dapted. to charaQerize bodies belonging to this clals. | 
When we confider the great variety of phenomena exhibited 
by combuſtible bodies, we cannot but admit that the cauſe of 
this phenomenon is ſtil unknown, and that important diſeo- 
veries remain to be made in this part of chemical theory. 
The different degrees of affinity which appear to exiſt between 
combuſtible bodies and oxygen, are already ſufficient to ac- 


count for ſome of the facts. It is natural to believe, that a 


body, which has a ſtrong attraction for this principle, will ex- 
hibit more heat, motion, and light; becauſe this laſt will be ſe- 
parated with more energy. But this doctrine does not explain 
the cauſe of the various colours of flame in combuſtible bodies 
why, for example, copper burns green, &c. ; neitherdoes it explain, 
at leaſt in the way of experiment, how certain bodies burn with- 
out apparent flame, unleſs we adopt the opinion of many phi- 
loſophers, that the matter of light and of heat are one and the 
ſame, and differ only in the degree of condenſation. The dif- 


ficulties attending this opinion are ſufficiently known. If it 


could be proved, that light is combined in combuſtible bodies, 
and that it is diſengaged during combuſtion, it might be ima- 
gined, that this ſubſtance is differently combined in different 
bodies: that in ſome, for example, the whole of its ſeven rays, 
or principles, is fixed ; that others contain only the orange- 
coloured ray, as nitrous gas ; and others the yellow or green, 
as Zinc and copper. But this hypotheſis, which has already 
been mentioned in the hiſtory of combuſtion, when treated of 
under the article Air, has not yet been confirmed by facts. It 
is ſufficient that it is almoſt demonſtrated” that the light is con- 
tained rather in the vital air than in the combuſtible body. 
In fact, how can we conceive, that a body ſo divided, and ſo 
elaſtie, as light, can become fixed and ſolid? Is it not more 
V. ol. II. I 
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natural, and conformable to the notions of ſound philoſophy, 
to conclude, that, far from being capable of aſſuming the ſolid 
form, light is rather adapted to deſtroy it in ſuch bodies as 
poſſeſs it, and that it is one of the cauſes of the elaſticity of 
vital air, which is merely oxygen, naturally ſolid, united with 
caloric and light? 

It appears therefore, that difficulties ſtill remain to be clear. 
ed up in the hiſtory of combuſtion ; but that it is well eſta- 
bliſhed, that combuſtible bodies, after having been burned, ac. 
quire a different nature, becoming more heavy by the - addi. 
tion of the oxygenous principle; and that this principle has 
aſſumed a more ſolid form than it before poſſeſſed, when com. 
bined with caloric and light, in the ſtate of vital air, 

We ſhall divide mineral combuſtible bodies into five genera; 
namely, diamond, hydrogen or inflammable gas, ſulphur, me- 
tallic ſubſtances, and bitumens. 


CHAPTER II. 
Genus I. DiamonD. 


Diauovn is a fingular ſubſtance ; it is uſually reckoned a- 
mong (tones, becauſe of its hardneſs, infipidity, and inſolubi- 
lity : it is, beſides, the moſt tranſparent and the hardeſt of all 
minerals. This hardneſs 1s ſuch, that the beſt tempered ſteel 
has no effect on it; and it can only be worn away by rubbing 
one diamond againſt another. This is called grinding. 

Diamonds are found in the Eaſt Indies, particularly in the 
Kingdoms of Golconda and Viſapour: they likewiſe come from 
the Brazils ; but theſe laſt appear to be of an inferior quality, 
and are known in commerce by the name of Portugueſe dia- 
monds. | I 

Diamonds are uſually found in an ochreous yellow earth, 
under rocks of grit-ltone and quartz; they are likewiſe found 
detached in torrents, which have carried them from their beds. 
Diamonds are ſeldom found above a certain ſize. The ſove- 
reigns of India reſerve the largeſt, in order that the price of 


this article may not fall. Diamonds have no brilliancy when 
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dug out of the earth, but are covered with an earthy cruſt, 
which encloſes a ſecond cruſt, of the nature of calcareous ſpar, 
according to Rome de Lille, Bright diamonds are an, 
found in waters. | 

Diamonds very often have no regular form, but are flat, or 
worn round. Sometimes they are regularly cryſtallized in oc- 
tahedrous, formed by two quadrangular pyramids, united at 
their baſes ; they are likewiſe found with twelve, 23 
and forty-eight faces. 
Some diamonds are perfectly b ent others are ſpot- 


uniformly and beautifully tinged with yellow, _ blue, and 
black ; the latter are very rare. 

Diamonds appear to be compoſed of lamine, d upon each 
other; and they are eaſily divided, by ſtriking them in the di- 
rection of theſe laminæ with a good ſteel inſtrument. There 
are, however, ſome diamonds which do not appear to be form- 
ed of diſtinct laminæ, but of twiſted fibres, like thoſe of knots 
in wood. Theſe laſt are exceedingly hard, and cannot be 
wrought ; lapidaries call them diamonds of nature. 

The tranſparency, the hardneſs, and the regular cryſtalline 
form of the diamond, induced naturaliſts to claſs it among vi- 
triſiable ſtones. They conſidered it as the pureſt and moſt ho- 
mogeneous rock-cryital. They. ſuppoſed it unchangeable by 
fire, becauſe jewellers are in the habit of heating, and even of 
igniting, diamonds ſpotted with yellow ; the ſpots becoming 
black by this proceſs, and incapable of affecting the brilliancy 
of the reſt of the ſtone. It was nevertheleſs known, that dia- 


it poſſeſſes a ſtrong electrie property; but theſe were attributed 
to its extreme purity. 

It is known, that all earthy or ſaline bodies refract the light 
nearly in the direct ratio of their denfity, but that tranſparent 
combuſtible bodies refract it about twice as much. The dia- 
mond produces nearly three times the refraction it would have 
produced, according to the ratio of its denſity; and as the re- 
fraction of light, from the poſterior ſurfaces of bodies, is great - 
er in this ratio, the fingular luſtre of the diamond mutt de- 
pend on this property. As it 1s exceedingly tranſparent, and 
1 ij 


ted, veined, clouded, and are of much leſs price. Some are 


mond is much heavier and harder than rock-cryſtal, and that a 
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the light is ſtrongly refracted and reflected by its ſurfaces, every 
one of the facets emits a very brilliant pencil of light. For 
which reaſon, ſuch diamonds as are cut into facets on every 
part of their ſurface, emit a much ſtronger light than ſuch as 
are cut only on one fide ; whence the lapidaries diſtinguiſh the 
firſt by the name of brilliants, and call the ſecond roſes. 

Boyle affirmed, that fire altered diamonds, and diſengaged 
acrid vapours ; but the fact firſt mentioned by this philoſopher 
was not attended to, However, Coſmo the Third, Grand 
Duke of Tuſcany, in the years 1694 and 1695, ſaw diamond; 
deſtroyed, at Florence, by the burning mirror; and many 
years afterwards, the Emperor Francis I. was a witneſs of their 
deſtruction by the ſimple fire of a furnace. 

D' Arcet, in his valuable experiments on the deſtruction of 
ſtony ſubſtances, expoſed to the heat of a violent and long con- 
tinued fire, did not forget the diamond. He aſſerted, that it 
is evaporated in the direction of its laminæ, and that if the 
evaporation be deſignedly interrupted, the remainder is not at 
all altered, but conſiſts of a diamond of leſs magnitude. 

. D*Arcet, being deſirous of determining whether the eva- 
poration of the diamond be any thing elſe but a ſimple decre- 
pitation, thought proper to treat them in veſſels, cloſed by va- 
rious methods. He took a ſphere of porcelain clay, and after 
having cut it in two, he placed a diamond in the centre, and 
then cloſed the two hemiſpheres together, in ſuch a manner, 
as that the diamond formed its own bed in the clay, without 
any other cavity. This ſphere, being placed in the furnace 
till it was baked, was then broken, and the diamond was found 
to be evaporated, the ſpace i which it was lodged being emp- 
ty, without the leaſt perceptible crack in the ball. 

D' Arcet varied this experiment, by ſometimes uſing balls of 
porcelain clay, and at other times baked crucibles of porcelain, 
cloſed with a ſtopper of the ſame ſubſtance, covered with a fu- 
fible matter, which, vitrifying in the fire, formed an hermeti- 
cal cloſure. D*Arcet always found that the diamond diſap- 
peared, and concluded that it is evaporable without the acceſs 
of air. | | 

D'Arcet and Roux have fince obſerved, that it is not nece[- 
ſary to uſe ſo violent a heat to volatilize diamonds ; and in the 
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year 1770, Roux volatilized one, at the School of Medicine, 
in five hours, in a cuppelling furnace. 

In the year 1771, Macquer obſerved a new phenomenon ro- 
lative to the deſtruction of this ſubſtance, Having a diamond 
to volatilize, he uſed the furnace of Pott, with ſome improve- 
ments of his own. This furnace, with the addition of a tube, 
or chimney, of ten or twelve feet in height, produces a de- 
gree of heat equal to that of a furnace for hard porcelain. 
Macquer, having placed a mufſle in the centre of this furnace, 
which at that time had only two feet of chimney, put a bril- 
liant cut diamond, weighing three-ſixteenths of a carat, in a 
cuppel, which he firſt placed near the mouth of the red hot 
muffle, into which he gradually removed it, that the diamond 
might not fly in pieces by the too ſudden heat. At the end of 
twenty minutes, having obſerved the diamond, he found it in- 
creaſed in volume, and much more brilliant than the capſule 
in which it was placed; and laſtly, he obſerved a light, and 
apparently phoſphoric flame, forming a very evident glory 
round the ſtone ; but he perceived no acrid vapours, as Boyle 
mentioned. The diamond having been replaced under the 
muffle, entirely diſappeared at the end of thirty minutes, with- 
out leaving any trace behind. Macquer, therefore, volatilized, 
in leſs than an hour, a diamond weighing near four grains, and 
found that it burned with a ſenfible flame, in the ſame manner 
as other combuſtible bodies. 

This fact, publiſhed by Macquer, has been verified ſeveral 
times ſince. In the year 179 5, Bucquet volatilized a diamond 
of about three grains and a half. He uſed the furnace of Mac- 
quer, but without the chimney ; and the muffle remained open 
almoſt the whole time of the operation, in order to obſerve 
what paſſed during the combultion of the diamond. It re- 
mained about fifteen minutes before it inflamed, and in leſs 
than twenty-five minutes afterwards it was entirely diſſipated. 

None of theſe experiments proving what became of the dia- 
mond, Macquer, Lavoiſier, and Cadet, reſolved to make ſome 
experiments in cloſe veſſels. They diſtilled twenty grains of 
diamonds in a ſtone-ware retort, with a proper apparatus for 
collecting the product, if any paſſed over. A fire of the great- 
e& violence was uſed, and nothing was obtained, The dia- 
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monds was found entire, but had loſt ſome of their-weight, 
It was therefore ſuſpected, that this loſs depended on the dia. 
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monds having been partly burned, by means of a ſmall quan. 
tity of air included in the veſſels. The diamonds were, be- 
fides, covered with a blackiſh and coaly file, which was mo 


ly taken off by the mill. 
While theſe chemiſts were buſied in e 1080 the na. 


ture of diamond, the lapidaries ſtill retained their belief of its 


_ abſolute indiſtructability by fire.” One of them, Le Blanc, 


brought a diamond to Rouelle to be expoſed to the fire, but 
choſe to enclofe it in his own way. He placed it in a crucible, 


with a cement of chalk and powder of charcoal. This cru- 


cible was encloſed in another, with a cover, and lyted. It re- 
mained in the fire during four hours, as well as ſeveral other | 


diamonds, on which Rouelle was making experiments. At the 


end of this time, the diamonds of Rouelle, as well as that of 


Le Blanc, were found to have diſappeared. | Maillard, another 


lapidary, waited on Cadet, with whom Macquer and Lavoiſier 


were then at work; he produced three diamonds, which be 


propoſed to expoſe to the fire, cemented in his own way. 
He filled the bowl of a tobacco pipe with pounded charcoal, 
well preſſed in, the diamonds being placed in the centre; he 


covered the pipe with an iron plate, luted on with founders 


ſand. The pipe was included in a crucible, ſurrounded with 
chalk, and covered with a bed of ſand, moiſtened with ſalt 
water. The whole was placed in Macquer's furnace, and the 


heat ſo raiſed, that at the end of two hours it appeared ſoften- 


ed, and ready to melt. After the operation, the crucible was 
found to be vitrified, and had loft its figure; it was broken 
with care, and the pipe was found perfectly whole, the char. 
coal as black as evef, and the diamonds not at all diminiſhed 
in'weight. 'They were only blackened on their ſurface, and 
became white and brilliant by friction on the mill. Macquer 
repeated this experiment, with equal ſueceſs, in the large fur- 
nace, in which the hard porcelain of Seve is baked ; yet, 


the iron which covered the pipe was melted, and part reached 
the diamond, it was ſcorified on that ſide, but the other fide 
remained perfect. The fire laſted tweity-four hours. 


Mr. Mitouard having had opportunities of treating many 
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diamonds in cloſed ve. aid with different cements, found | 
that charcoal is the mo tual in provenyng the deftrugtion 
of this body. 

All chemiſts were . from theſe facts, * the 4 
mond burns in the ſatne manner as other combuſtible bodies, 
and like charcoal is not de{troyed, but in proportion to the eon- 
tat of air. Nevertheleſs, the well conducted and accurate ex- 
periments. of D'Arcet ſeem to ſhow the contrary. To clear up 
this matter, Macquer filled ſeveral balls of baked porcelain 
and ſeveral crucibles, of unbaked porcelain clay, with powder 
of charcoal; the charcoal was reduced to aſhes, and the aſhes 
even became vitriſied in the unbaked veſſels, while that in the 
baked veſſels remained unchanged. Whence this chemiſt con- 
cluded, that there is a great difference between theſe two kinds 
of veſſels ; he thinks that cracks are made during the baking 
of the porcelain, which are ſufficient to facilitate the com- 
buſtion, though they afterwards ane by the contraction 
of the porcelain in cooling. ö 8: 

Lavoiſier has made other experiments, which rome, that 
me: does not burn, but in proportion to the quantity of 
air it is in contact with. He expoſed diamonds to the focus of 
Mr. Tradaine's lens, after having covered them with a bell, 
under which he cauſed water or mercury to riſe by extracting 
the air. This chemiſt, in his experiments on the effects of the 
burning glaſs made together with Macquer, Cadet, and Briſſon, 
had already obſerved, that if diamonds be ſuddenly heated, 
they ſplit and fly about very ſenfibly ; but that this does not 
happen when they are {lowly and gradually heated. He like- 
wiſe obſerved, that the diamonds melted and flowed in certain 
parts. The ſurface of thoſe which remained a certain time 
expoſed to the focus of the lens, appeared full of little eavities 
like a pumice-ſtone. By heating them in the ſaid pneumato- 
chemical apparatus he aſcertained that the diamond burns only 
for a certain time, proportioned to the quantity of air contain- 
ed under the veſſel; and that the air, after the combuſtion of 
the diamond, is abſolutely fimilar to- that which remains after 
the combuſtion of other inſlammable bodies; that is to ſay, 
deprived of the portion of vital air required to maintain that 


proceſs, It muſt be noted, that this reſidual air, aſter the 
9 Li 111 


cauſe why the proceſs uſed by lapidaries to render clouded dia- 
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combuſtion of the diamond, contained carbonic acid, as ap. 
by its precipitating Iime-water. 

To ſhow ſtill more evidently the nature of the diamond, La 
voĩſier attempted to burn it under glaſs veſſels. filled with car. 
bonic acid. The diamond ſuffered 2 ſmall loſs, doubtleſs ow. 
ing to a portion of air mixed with this acid. This chemiſt 
thinks, that great part of the loſs likewiſe depends on the vo. 
latilization of the diamond; and he thinks that this ſtone might 
be entirely ſablimed in cloſe veſſels, if a ſufficient degree of 
heat could be applied. Lavoiſier having made the ſame expe. 
riments on charcoal, found the ſame events take place, both 
with reſpect to combuſtion and volatihzation. He likewiſe ob. 
ſerved, that the diamond always became black at its furface. 

From theſe different facts it follows, that the diamond is a 
ſubſtance not at all reſembling ſtones ; but is on the contrary a 
true combuſtible body, capable of burning with a flame, when. 
ever it is ignited with contact of air. In a word, that it is a 
true combuſtible volatile ſubſtance, which leaves no fixed reſi- 
due; perſectly reſembling charcoal by its habitudes in the fire, 
though greatly differing from that ſubſtance in tranſparency, 
weight, hardneſs, and many other properties. All theſe expe- 
riments, as well as the art of ſplitting the diamond, ſhow that 
it is formed of laminæ placed one on the other; that there is 
ſometimes between the layers a foreign colouring matter, which 
perhaps cauſes the carbonaceous film, with which diamonds be- 
come covered when heated, eſpecially in cloſe veſſels. This 
coloured ſtratum, being placed at different depths, may be the 


monds tranſparent, does not always ſucceed. If its depth be 
inconſiderable, it may be eafily deſtroyed, and the diamond 
will become clear. If, on the contrary, it be far within the 
ſtone, it cannot be removed but by the ſucceſſive deſtruction 
of the laminz placed over it, which in that caſe would require 
the diamond to be almoſt entirely deſtroyed before the imper- 
fection could be removed. Notwithſtanding all theſe experi- 
ments, we are ſtill unacquainted with the compoſition of the 
diamond; and in the preſent ſtate of our knowledge muſt 
conſider it as a peculiar combuſtible body different from all 


others s. 
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The diamond is of little uſe but as an ornament; but ita 
property cf refracting the rays of light, decompoſing the: 
and exhibiting the moſt lively and brilliant colours, renders it 


truly precious without the aſliſtance of the caprice of faltion, - 


Its exceſſive hardneſs, by which its exquiſite poliſh remains 
unalterable, its rarity, and the labour of cutting it, add {till 
to its value. It is advantageouſly uſed to engrave on glaſs and 
hard ſtones, or to cut them into convenient ſizes. 

Diamond powder is uſed in poliſbing diamonds, 


CHAPTER III. 


Genus II. HYDRGGEN Gas. 


Tux gas called in/lammaile air by Dr. Prieſtley, and which we 
name hydrogen gas, is an elaſtic fluid, poſſeſſing all the apparent 
properties of air. It is about thirteen times lighter than the 
air of the atmoſphere, does not maintain combuſtion, and quick- 
ly deſtroys animal life by producing ſtrong convulſions. It has 
a very evident and peculiar ſmell, One of its charaQteriſtic 
properties is to take fire when in contact with air, by the ap- 
plication of a body already ignited, or by the electric ſpark. 

Hydrogen gas has been long known, as a product both of 
nature and art. Mines, coal-pits, the ſurface of waters, and 
putrified animal or vegetable ſubſtances, exhibited a great num- 
ber of inſtances of vapours naturally combuſtible ; and vapours 
of the ſame nature have long been artificially produced, in the 
S ſolution of ſeveral metals in the ſulphuric and-muriatic acids, 
and in the diſtillation of animal and vegetable ſubſtances. But 
no one before Dr, Prieſtley thought of collecting them in re- 
ceivers, and examining their properties. This philoſopher 
diſcovered, that they conſtitute a kind of permanently elaſtic 
fluids, . 

Hydrogen gas exhibits all the phenomena of combuſtible 
bodies, in a moſt eminent degree. Like them, it cannot be 
burned without acceſs of air. Its flame is more or leſs red 
when pure, and blue or yellow when it is united to a ſubſtance 

capable of modifying its properties. It frequently crackles, 
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electric ſpark. 


a larger quantity of air. As theſe two fluids have a like ag. 


and one of hydrogen gas is ſet on fire: the combuſtion is in. 


. poſed to common air, when ſet on fire, burns gently, and at 


to conceive, from all that we have already ſhown, that the ca-. 


and produces ſmall brilliant ſparks during its combuſtion, with 
a noiſe ſimilar to that of nitre, when it detonates. A ſtrong 
heat is excited during its combuſtion. It is inflamed by the 


It burns more rapidly, in proportion as it is environed with 
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gregation, it is poſſible to mix them in ſuch a manner, as that 
every particle of each ſhall be contiguous to a particle of the 
other, in which caſe it will burn with great rapidity. This 
is evident, when a mixture of two parts of atmoſpheric air, 


ſtantaneous, and attended with a ſtrong exploſion, reſembling 
that of gunpowder ; whereas hydrogen gas, not mixed, but ex. 


the ſurface. 

It may in the ſame manner be burned in an inſtant, and 
with much more vehemence, if two or three parts be mixed 
with one of vital air or oxygen gas: the explofion is then 
much more conſiderable than in the foregoing experiment. 

Mr. Cavendiſh, many years ago, remarked, that whenever | 
hydrogen gas is burned, drops of water are always produced. 
Hydrogen gas being burned in a veſſel full of vital air, over 
mercury, a vacuum 1s produced in the apparatus ; the mer. 
cury riſes, and the fides of the glaſs are covered with a large 
quantity of drops of very pure water, which increaſe 1n pro- 
portion a3 the combuſtion goes on. Lavoiſier in this manner 
combined a ſufficient quantity of the two elaſtic fluids to ob- 
tain ſeveral drachms of water. Both theſe fluids were previ- 
ouſly paſſed through a glaſs cylinder, filled with very dry 
cauſtic fixed alkali, in order to deprive them of the portion o 
water they might contain, 'The water obtained by the com- 
buſtion, agreed perfectly in weight with the elaſtic fluids made 
uſe of ; whence he concluded, that water is compoſed of fit 
parts by weight of oxygen, and one of hydrogen gas, for it is ealy 
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loric and the light are diſengaged from vital air and hydrogen 
gas during their combuſtion : it is to this diſengagement tit 
we muſt attribute the weight of the water, compared with that 
ol the oxygen and hydrogen gas; this fluid is ſpecifically heaviet 
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than hydrogen gas, as 1 1050 to 1, ſuppoſing that of the gas 
to be as 13 to I, compared with common air; the.ratio will 
be much greater if we aſſume the levity of the hydrogen gas 
as 16, which appears to be the caſe when it is perfectly pure. 
The water obtained in this experiment was found to contain a 
few grains of nitric acid. To account for the formation of 
this acid, it muſt be recolle&ed, that Mr. Cavendiſh produced 
it, by combining, with the aſſiſtance of the electric ſpark, 
ſeven parts of vital air, and three of atmoſpheric azotic gas. 
Now, the vital air uſed by Lavoiſier, in his experiment, hav- 
ing been obtained from red precipitate, or a mercurial oxyd by 
nitric acid, the nitric acid, uſed in making that ſubſtance, 
might afford a ſmall quantity of the azot, which enters into its . 
compoſition. This portion of acid, therefore, does not affect 
the reſult, nor the aſſertions of Lavoiſier concerning the pro- 
duction of water. If we compare this capital experiment, 
with that in which the ſame chemiſt decompoſed water, by 
cauſing it to fall on red hot iron, zinc, and charcoal, as well 
as on boiling oils, and in which he obtained hydrogen gas, in 
proportion to the combuitioa which took place in theſe dif. 
ferent bodies, we ſhall be convinced, that this theory of the 
nature of water is built on as firm a foundation as any that has 
been propoſed reſpecting chemical fats. The proportion of 
the component parts of water, according to the moſt accurate 
experiments, is 85 parts of oxygen, and 15 of KY both 
by weight. 

"The nature of hydrogen gas remains then to be abe. 
Is it a ſimple ſubſtance, always identical? And may we con- 
ſider it as the phlogiſlon of Stahl, according to the opinion of 
many Engliſh chemiſts, eſpecially Mr. Kicwan? 

With reſpe& to the firſt queſtion, chemiſts are at preſent 
nearly agreed concerning the identity of inflammable gas, ob- 
tained from very different ſubſtances, which appear to poſleſs 
various properties. 

There are indeed ſome who ſtill are of opinion, that ſeveral 
ſpecies really exiſt ; ſuch, according to them, are the hydrogen 
gas obtained from iron and zinc by water, which burns with a 
red flame, and detonates with *vital air ; that which Mr. De- 
laſſone obtained from Pruſſian blue, and from the reduction af 
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and the Engliſh chemiſts, who confider hydrogen gas as the 


in the examination of this important queſtion, has not yet, that 
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flowers of zinc by charcoal, which burns without detonating 
with air ; the inflammable gas of marſhes, which burns with 
a blue flame, and does not dets..ate ; and likewiſe that obtain. 
ed from the diſtillation of organic matters, which reſemble; 
the gas of marſhes. But an accurate analyſis has ſhown, that 
theſe two laſt are compounds of pure detonating hydrogen gas, 
with the azotic gas, or carbonic acid, in different proportions; 
and we were inclined to think, with the illuſtrious Macquer, 
in 1782, that there is only one ſubſtance of this kind capable 
of various modifications by its combinations with different 
matters. The labours of a great number of celebrated philo- 
ſophers, and in particular of Meſſrs. Cavendiſh, Prieſtley, Watt, 
Kirwan, Lavoiſier, Monge, Berthollet, Morveau, &c. have 
confirmed this opinion. The mixtures of the foreign gaſes be. 
fore pointed out, the diſſolution of charcoal, of ſulphur, and 
of phoſphorus in hydrogenous gas, whoſe ſpecific gravity they 
augment while they diminiſh its combuſtibility, announce that 
the apparent differences of inflammable gaſes are owing to theſe 
mixtures or combinations. I think, therefore, that it may at 
preſent be conſidered as demonſtrated, that there is but one 
fingle ſpecies of inflammable gas always ariſing from the de. 
compoſition of water, forming it again by its union with vital 
air; and, in a word, that there exiſts in this genus hydrogenous 
gas only, which exhibits more or leſs inflammability, and vs- 
rious colours in its combuſtion, accordingly as it is mixed or 
combined with other different ſubſtances, 

As to the ſecond queſtion, though the opinion of Bergman 
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phlogiſton of Stahl, appears to agree with a certain number of 
faQts, yet there 1s a greater number which prevent our adopt- 
ing it. It appears, in fact, that inflammable gas is not always 
produced by bodies in which Stahl admitted the preſence of his 
pblogiſton, but that water almoſt always contributes to its for- 
mation. Mr, Kirwan, who has been employed for ſome years 
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we know, diſcovered any fact which poſitively decides it. We 
Mall take care to explain, in ſeveral other articles of this work, 
our opinion of the hydrogen gas, which this celebrated chemilt 
has obtained from an amalgam of zinc, as well as ſome other 
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zualogous experiment, which ſeveral philoſophers have oppoſ- 
ed to our doctrine. We ſhall not here enter into any detail 
of the objections which may be made, becauſe they might not 
be underſtood by ſuch as have only read the preceding part of 
this work, but ſhall reſerve our objections till we come to treat 
of metallic ſubſtances, phoſphorus, &c. However this may be, 
we ſhall here admit that it would be poſſible to explain the 
phenomena of chemiſtry, by admitting hydrogen for phlogiſton ; 
but we muſt at the ſame time obſerve, that this theory of phlo- 
giſton requires forced ſuppoſitions, and that it is very far from 
appearing as fimple, as ſatisfactory, as that which we have 
adopted as the immediate reſult of the facts. 

No chemiſt has yet ſucceeded in ſeparating the principles of 
hydrogen gas, and conſequently it 1s a fimple ſubſtance, in the 
preſent ſtate of our knowledge, Its bafe or hydrogen combines 
with that of pure air or oxygen, and forms water by this com- 
bination. We take no notice of the theories of thoſe who af- 
firm, that hydrogen gas 1s a compound of air and the matter of 
fire, or that it is a modification of light, fire, ele&ricity, &c. ; 
for theſe aſſertions are all too vague, and bear too great a re- 
ſemblance to the inaccurate and uncertain language of the in- 
fancy of natural philoſophy, and are beſides too far removed 
from experiment and proof to merit diſcuſſion. Dr. Crawford 
has ſhown, according to Mr. Kirwan, that hydrogen gas con- 
tains more light and caloric than vital air, and that the pro- 
portion of light and of caloric in theſe gaſes is as 24 to 1. It 
would be of conſequence to determine how much of theſe prin- 
ciples the hydrogen loſes by entering into liquid or ſolid com- 
binations. It cannot, however, be doubted, but that hydrogen 
gas contains much ſpecific heat, or caloric, perhaps the matter 
of light; and that the caloric is ſeparated from this gas, when- 
ever it loſes its elaſtic ſtate, and paſſes into liquid combina. 
tions. : | 

Hydrogen gas does not unite with water, but may be pre- 
ſerved a long time over that fluid without alteration ; though 
at laſt ĩt ceaſes to be inflammable. Dr. Prieſtley has not de- 
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* Conſult the tranſlation of Mr. Kirwan's work, and the notes we have added. 
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or oxydſof a peculiar metal ſtill unknown. 


to give light and heat, to charge fire-arms, &c. Volta has 
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termined what kind of change is produced, either in the in- 
flammable gas or in the water; but it is probable, that this 1 
experiment, carefully made, would tend greatly to * th 5 
nature of that combuſtible body. 

Hydrogen gas does not appear to act on earths, nor on the 
three ſalino-terreſtrial ſubſtances ; excepting, however, that it 
deſtroys the white colour of barytes, and renders it dark; 
which circumſtance has cauſed it to be confidered as the calx 


The change which alkalis and acids might cauſe in this ſub. 
ſtance, and themſelves be ſubjected to by it, are not known, 
It is probable that it would decompoſe certain acids, eſpecially 
the ſulphuric and the oxygenated muriatic acids, by ſeizing 
their oxyen, and forming water: as to the ſulphuric acid, it 
may be ſuſpected, that it would experience this decompoſition, 
becauſe the baſe of vital air has a ſtronger affinity with hydro. 
n than with ſulphur ; the latter not decompoſing water, as 
we hereafter ſee. The oxygenated muriatic acid has fo 
large a quantity of ſuperabundant oxygen, which adheres {vo 
weakly, that it may be preſumed it would unite with the by. Wl 
drogen gas, and form water, 4 
Hydrogen gas does not appear to act on n ſalts; ; its 
action on ſaline ſubſtances in general has been little attended to. 
It is become a ſubſtance of greater importance, in the eyes of 
the ſcientific world, ſince it has been applied to the filling of 
aeroſtatic machines, diſcovered by Meſſrs. Montgolfier. Its 
ſpecific levity, which is thirteen times more conſiderable than 
that of common air, is the cauſe of the aſcenſion of theſe ma- 
chines. It is more than probable, that this fluid has a conli- 
derable ſhare in the production of meteors ; that it exiſts in 
large quantities in the atmoſphere, where, being ſet on fire by 
the electric ſpark, it forms water. Perhaps it may be carried 
by the winds, like a kind of natural aeroſtat. | 
Attempts have been made to ſubſtitute this fluid, inſtead of 
other combuſtible matters, for the ordinary purpoſes of life; 


conſidered it in this laſt point of view, and has propoſed ſeve- 
ral methods of applying it. Neret, in the Journal de Phyjiu 
for January 1777, has given a deſcription of a chafing-dih 
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heated by inflammable air. Meſſrs. Furſtenberger of Baſil; 

Brander, mechanic at Augſburg; Ehrmann, lecturer in Natu. 
ral Philoſophy at Straſburg ; have deſcribed lamps which may 
be lighted in the night by the electrical ſpark. Laſtly, Very 
pretty artificial fires are made, with glaſs tubes, bent in differ- 
ent directions, and pierced with a great number of ſmall aper- 
tures. The inflammable gas is introduced into theſe tubes, 

from a bladder filled with that fluid, and fitted with a copper 
cock. When the bladder is preſſed, the inflammable air being 
made to paſs into the tube, iſſues out of all the ſmall apertures, 


and is ſet on fire by a lighted taper. 


CHAPTER IV. 


Genvs III. Sorrnun. 


Sorrnus is a combuſtible, dry, very brittle body, of a lemon 
yellow, which has no ſmell, unleſs heated, and whoſe taſte is 
very weak, though ſufficiently perceptible. It becomes elec- 
tric by friction; if a piece of a conſiderable ſize be expoſed to 
a ſudden, though gentle heat, as for example, by holding it in 
the hand, it breaks to pieces, with a crackling noiſe, Sulphur 
is found naturally in great quantities, ſometimes pure, and 
ſometimes in a ſtate of combination. We ſhall in this place 
ſpeak only of the firſt : the following are the varieties of form 
in which it is found pure. 


Varieties. 

I, Tranſparent ſulphur, cryſtallized in 3 whoſe 
two pyramids are truncated: it is depoſited by water, 
moſt commonly upon the ſurface of calcareous ſpar. Such 
is that of Cadiz. 

2. Tranſparent ſulphur in irregular pieces; from Switzer- 
land. : 

3. Whitiſh pulverulent ſulphur, depoſited in filiceous geodes: 
flints filled with ſulphur are found in Franche Comte, 
&c. | 

4. Pulyerulent ſulphur, depoſited at the ſurface of mineral 
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waters; ſuch as thoſe of Aix la Chapelle, of Enghien ne: 
Paris, &c. | 
5. Cryſtalline ſulphur, ſublimed ; it is tranſparent, and ſound 
in the neighbourhood of volcanos. I 
6. Pulverulent ſulphur, ſublimed by volcanic fires, without 
any regular form, and often interpoſed between ſoft ſtones, 
as s obſerved at Solfatara, near Naples. 

7. Stalactites of ſulphur, formed by volcanic fires, * 

Beſides theſe ſeven varieties of pure mineral ſulphur, thi; Wi 
combuſtible ſubſtance is found combined with different matter; Wi 
It is uſually combined with metals, which it converts into » Wi 
rites, or metallic ſulphures and ores. It is ſometimes unite 
to calcareous earth, in the form of a ſulphuric or an earthy li 
ver of ſulphur. The hepatic calcareous ſtones, the fetid ſpar, Wl 
and ſwine-ſtone, appear to be of this nature, 4 

Late diſcoveries have added to the foregoing varieties. Sul. A 
phur ſeems to be continually formed in vegetable and animal 
matters which begin to putrify. Though theſe ſpecies of ſul. 
phur do not appear eſſentially to belong to the mineral king. Wl 
dom, yet we think it proper to join them with the preceding 
varieties, to render its natural hiſtory more complete. 2 


Varieties. | 23 

8. Cryſtallized ſulphur, formed by the low decompoſition 
of accumulated animal matters, ſuch as that which has 
been found in the ancient 3 * near the gate of St. 
Antoine. 

9. Pulverulent ſulphur, formed by the vapours 8 
by animal ſubſtances in a ſtate of putrifaction. It is col. 
lected on the walls of ſtables, privies, &c. 

10. Sulphur obtained from many vegetables, eſpecially the 
root of the baſtard rhubarb (Lapathum), the ſpirit of 
cochlearia, &c. This diſcovery, as well as the following, 

was made by Deyeux, member of the college of pharms- 
cy, and lecturer in chemiſtry. 

11. Sulphur, obtained in the analyſis of animal matters, pat. 
ticularly white of egg, by Deyeux. 


* A lay-ſtall (voierie) is a place appropriated, by the chief of a lordſhip, i 
the reception of mud, and other filth, 
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12. Sulphur obtained from horſe-dung. This combuſtible 
body has been found at the inſtant of its being emitted. 
It is probable, that ſubſequent inquiries will diſcover this 
body in a great number of animal ſubſtances. 

None of theſe ſulphurs are uſed in the arts. The ſulphur of 
commerce is extracted, by diſtillation, from metallic ſubſtances, 
called pyrites. In Saxony, and in Bohemia, this mineral is 
put into earthen tubes, placed on a long furnace; the ends of 
the tubes, which iſſue out of the furnace, are received in ſquare 
iron veſſels, containing water; the ſulphur is collected in theſe 
receivers, but is very impure. In order to purify it, it is 
melted in an iron ladle; the earthy and metallic parts ſubſide 
to the bottom. Tt is then poured into a copper boiler, where 
it makes another depoſit of the foreign matters which contami- 
nated it. After having been kept a certain time in fufion, it is 
poured into cylindrical wooden moulds, which give it the form 
it uſually has in commerce; that which is precipitated to the 
bottom of the boiler during the fuſion, is grey, and impure : 
it is very improperly called /u/phvr vivum. In other countries, 
as at Rammelſberg, the ſulphur is extracted from pyrites, in a 
more ſimple manner. The ſulphur, which is found melted a- 
mong the maſſes of pyrites, roaſted in the open air, is taken 
away with ladles, and purified by a ſubſequent fuſion. 

Sulphur is not altered by the, contact of light; heated in 
cloſe veſſels, it becomes ſoft, melts, and in cooling often aſ- 
lumes a red, brown, and greeniſh colour, and needled form. To 
lucceed in this cryſtallization, it muſt, according to the proceſs 
of Rouelle, be ſuffered to congeal at its ſurface; and the fluid 
portion, which is underneath the cruſt, muſt be poured off. 
The under ſurface of the congealed part preſents needles of 
ſulphur, eroſſing each other in different directions. 

If ſulphur be gently heated when in fuſion, it is volatilized 
in ſmall pulverulent parcels, of a bright lemon yellow, called 


lauert of ſulphur. As the part which riſes conſiſts of the 


pureſt ſulphur, this is the beſt proceſs for obtaining it free from 

foreign matters. For this purpoſe, common ſulphur, in pow- 

der, is put into an earthen cucurbit, to which pots are adapted, 

which mutually cover each other, and are called alude!s. The 

upper 1s terminated by a reverſed funnel, whoſe opening forms 
Vol. II. * 
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a ſlight communication with the air; the cucurbit is heated 
till the ſulphur melts, at which time it ſublimes, and adheres 
to the ſides of the aludels. 
- Flowers of ſulphur, prepared in the ba way. often contain 
a ſmall quantity of ſulphurie acid, formed by the combuſtion 
of the ſulphur, whjch is effected by the air contained in the 
veſſels: it is thoroughly purified: by waſhing: ſulphur ought 
to be prepared in this way for medical, and the nicer chemical 
purpoſes. 

Sulphur, heated with contact of air, takes fire ſoon after it 
is melted, and burns with a blue flame, if the heat to which it 
has been ſubjected be not conſiderable ; or with a white, dril. 
liant flame, when the heat is ſtronger. In the firſt of theſe 
combuſtions, it emits a ſuffocating ſmell ; and 1f the vapour 
which exbales be collected, it is found to conſiſt of a very 
ftrong ſulphureous acid. In the rapid combuſtion it has no 
ſmell, and its reſidue is not ſulphureous acid, but ſulphurie 
acid. 

Stahl, who imagined that folphar was a compound of that 
acid and phlogiſton, ſuppoſed, that during combuſtion it loſt its 
' inflaramable principle, and conſequently became reduced to the 
ſtate of acidity, The collection of proofs, brought by him in 
ſupport of this opinion, was well calculated to cauſe it to be 
adopted by all ſucceeding chemiſts. However, ſince experi- 
ments have been made with a view to aſcertain the influence 
of air in combuſtion, to which Stahl does not appear to have 
attended, ſome chemiſts, ſtruck with the difficulty hitherto ex- 
perienced in the attempt to exhibit plogiſton alone, and the fa- 
cility with which all the objections to this doctrine are anſwer- 
ed by the late diſcoveries reſpecting air, have adopted an opi- 
nion entirely oppoſite to that of Stahl, HOY ſulphur and 
its combuſiion, 

The facts on which the new opinion is founded are theſe: 
{ales obſerved that ſulphur abſorbs a great quantity of ait 
when burned. Lavoiſier has demonſtrated that ſulphur in thus 
reſpect reſembles all other combuſtible bodies: 1. That it can- 
not burn without acceſs of air. 2. That it abſorbs the pureſt 
portion of this fluid during its combuſtion, 3. That the reſ- 
due of the atmoſpheric air is incapable of maintaining a new 
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combuſtion. 4. That the ſulphuric acid produced exceeds the 
quantity of ſulphur from which it was produced, by the weight 
the air has loſt. 5. That conſequently ſulphur combines with 
the baſe of pure air, or oxygen, to form ſulphuric acid. This 
acid is therefore a compound of oxygen and ſulphur; and 
the latter, inſtead of being a compound, is one of the principles 
of ſulphuric acid, which requires only to be united with the 
baſe of air or oxygen, to form that acid, a proceſs that takes 
place during combuſtion. Heat is neceſſary, becauſe it divides 
and deſtroys the aggregation, and favours its combination with 
oxygen. When it is once burned or combined with the latter 
principle, it is no longer capable of being 8 but enters 
into the claſs of incombuſtible bodies. 

— the manner in which it is burned, it abſorbs 
different quantities of oxygen, and becomes more or leſs acid. 
Such is the theory of the difference which exiſts between the 
{low and rapid combuſtions of ſulphur, and the ſulphureous and 
ſulphuric acids reſulting from each. Stahl ſuppoſed, that 
when ſulphur is lowly burned it does not loſe ail its phlogiſton, 
and that the ſulphuric acid retaining a portion of that principle, 
preſerves its ſmell and volatility : but it is now proved by ex- 
periment, that when ſulphur burns {lowly, it does not abſorb 
as much of the oxygen as it is capable of uniting with ; where- 
as 1n the rapid combuſtion, it becomes ſaturated with that 
principle, and conſtitutes ſulphuric acid. The ſulphureous acid 
combined with alkaline matters becomes gradually converted 
into ſulphuric acid, by abſorbing the baſe of vital atmoſpheric 
air. 

It will be eaſy to form a clear notion, according to this theo- 
ry, of what happens when ſulphur is formed with the ſulphu- 
ric acid and certain combuſtible matters, as we have obſerved 
with reſpe& to the ſulphats of potaſh, of ſoda, the ammoniacal, 
calcareous, magneſian, argillaceous, and barytic ſulphats heat- 
ed with charcoal. The charcoal ſeizes the oxygen contained in 
the ſulphuric acid, and conſequently leaves the ſulphur, which 
is its other principle, Whenever, therefore, the ſulphuric 
acid is changed into ſulphur by any combuſtible body, the lat- 
ter is always reduced to the ſtate of a body which has ſuffered 
combuſtion, as we ſhall obſerve in the hiſtory of many metal - 
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i * | lic ſubſtances. For this reaſon likewiſe it is, that a large 
| | quantity of carbonic acid is obtained during the artificial pro. 
ii 'f du8tion of ſulphur, namely, by the tranſition of the oxygen 5 
1 from the ſalphuric acid to the carbonaceous matter. It muſt Wil 
| be recollected, that the preſence of the baſe of pure air or oxy. E. 
gen is eaſily demonſtrated in the ſulphuric acid. 1 
I} Sulphur is not at all changeable by expoſure to air, nor ſo. Wl 
luble in water. If it be held a certain time in fuſion, and pour. 
ed into that fluid, it becomes red, and preſerves a certain de. 
gree of ſoftneſs, ſo that it may be kneaded ; but it loſes theſ: Wl 
properties in a few days. Water, let fall drop by drop into 
burning ſulphur, is not decompoſed, and does not maintain the 
combuſtion, which proves that the baſe of vital air, or oxygen, 
has a ſtronger affinity with hydrogen than with ſulphur. This 
1. Rs. aſſertion may be confirmed by the action of hydrogen gas on 
the ſulphuric acid, which it appears to deprive of the oxy. 
en. | 
l Sulphur has no action on ſiliceous earth, and does not unite 
with alumine, without difficulty, The latter, however, when Bi 
exceedingly divided, appears to reduce ſulphur to the hepatic 
ſtate, or that of a fœtid ſulphure, as is ſeen in the preparation 
it of pyrophorus. | | 
11 The general name of allaline ſulphure, hepar, or liver of ſulphur, 
has been given to a compound formed of ſulphur, with ſome 
alkaline ſubſtance. This compound, conſidered in general, is 
| of a brown colour, reſembling that of the liver of animals; 
j decompoſable by vital air; ſoluble in water, in which ſtate of | 
| | ſolution it emits a fœtid ſmell ; precipitable in part by acids, 
| which diſengage a peculiar gas, called hepatic gas, which, from 
its compoſition, we ſhall term ſulphurated hydrogen gas. There 
1 ' are fix kinds of alkaline ſulphures produced by barytes, mag- 
A neſia, lime, and the three alkalis. The properties of each re- 
it quire to be particularly examined, | 
1 | Pure barytes does not appear to act ſtrongly on ſulphur; i 
118 when theſe are boiled together with water, the liquid becomes 
in 2 ſmall degree ſulphurated or hepatic; but it combines 
much more intimately in the dry way. When a mixture of 
eight parts of ſulphat of ,barytes in powder with one part oi 
charcoal, is ſtrongly heated in a crucible, a coherent mals » i 
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obtained without fuſion, which readily diſſolves in hot water, 
and has the ſmell and every other character of a hepar. The 
ſolution is of a golden or orange colour. I have diſcovered 
that it cryſtallizes by cooling; it is then of a yellowiſh white. 
Expoſure to air decompoſes it, when it attracts moiſture, and 
becomes of deeper colour ; ſulphur being precipitated, and ſul- 
phat of barytes regenerated, This ſulphure gives out on the 
addition ofCany acid, an elaſtic fluid, known by the name of 
ſulphurated hydrogen gas, -whoſe properties we {ball hereafter 
examine. When the barytic ſulphure is precipitated by ſul- 
phurie acid, ſulphur and. ſulphat of barytes fall down; if ni- 
tric or muriatic acid be uſed, the barytic nitrat or muriat re- 
mains in ſolution, and the ſulphur is depolited alone. 

Sulphur combines with pure magneſia, by the aſſiſtance of 
heat. The ſalt, which we have called carbonat of magneſia, is 
commonly uſed for this purpoſe, becauſe more ſoluble in wa- 
ter. A pinch of magneſia, with a kke maſs of the flowers of 
ſulphur, is put into a bottle with diſtilled water; this veſſel 
being perfectly filled, and well topped, is expoſed to the heat 
of a water-bath for ſeveral hours. The water being then fil 
tered, has a fœtid ſmell of rotten eggs; ſtrongly colours me- 
tallic ſolutions, and affords ſmall cryſtalline needles by ſponta- 
neous evaporation :' in a word, it is a true magneſian ſulphure, 
the magneſia being precipitable by fixed alkali, which has a 
ſtronger affinity with the ſulphur, As to the latter combuſtible 
ſubſtance, its preſence is eaſily aſcertained by the addition of 
an acid, which ſeparates it under the form of a white powder. 
Such was the kind of liver of ſulphur which Le Roi, phy- 
lician at Montpellier, diſſolved in pure water, to imitate the 
ſolphureous mineral waters; but it is now known, that molt of 
WT thoſe waters do not contain a true ſulphure, but are minerali- 
zed ſimply by impregnation with ſulphurated hydrogen gas. 

Lime unites much more readily with ſulphur than the two 


ir; ſalino-terreſtrial ſubſtances before mentioned. If water be 
nes poured by a little at a time on a mixture of quick-lime and 
nes flowers of ſulphur, the heat produced by the action of the wa- 
0 er on the lime is ſufficient to promote the combination be- 
tel een it and the ſulphur. If more water be added, it becomes 
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well prepared, but by the hamid way, and it is often neceſſary 
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and cblour, in proportion as its gas is diſſipated. When dif, 
ſolved in a large quantity of water, the ſame alteration takes 


| ſame time formed; which fall to the bottom of the liquor, If 


long time without change, as I have often obſerved in my la- 


and ſmell, and affords an abundant precipitation by acids. Cal. 


action on {ulphur ; they form the true ſulphares, which art 
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ſulpbur combined with lime. /This calcareous ſulphure is not 


to aſſiſt the combination by the the application of a gentle heat, 
when the lime is not freſh. This compound is of a red colour; 
and the more cauſtic the lime, the deeper the red. When it 
is highly ſaturated, I have obſerved that it depolits, by cool. 
ing, a layer of ſmall needled cryſtals of an .orange yellow, dif, 
poſed in tufts, which appeared to me to conſiſt of flattened te. 
trahedral priſms, terminated by dihedral ſummits. Theſe cry. 
ſtals gradually loſe their colour by expoſure to air, and be. 
come white and opaque, without any alteration in their form. 
Calcareous ſulphure moiſtened with a ſmall quantity of water, 
and diſtilled in the pneumato-chemical apparatus, is partly de. 
compoſed, and affords a large quantity of ſulphurated hydro. 
gen gas: if it be evaporated to dryneſs, and calcined in an open 
crucible till it emits no more fumes, the reſidue conſiſts of cal. 
careous ſalphat, formed by the lime and the ſulphuric acid, 
produced by the {low combuſtion of the ſulphur. Calcareous 
ſulphure is quickly changed by expoſure to air, loſing its ſmell 
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place, eſpecially when it is agitated, as Monnet obſerves, in his 
Treatiſe on Mineral Waters. Sulphat of lime remains aſtet 
thoſe changes. When preſerved in bottles, not quite full, i 
de poſits a black incruſtatipn on the glaſs, pellicles being at the 


the veſſel which contains it be well cloſed, it may be kept: 


boratory. I have ſeen a preparation of this nature which has 
been made fifteen years; it ſtill preſerves much of irs colour 


careous ſulphure 1s decompoſed by pure fixed alkalis, which 
have a ſtronger aſſinity than lime to the ſulphur. Acids pre- 
cipitate the ſulphur in the form of a very ſubtle white powder, 
which has been called magiftery of ſulphur. The carbonic acid 
effects this ſeparation as well as the others; but the action of 
neutral falts on calcareous ſulphure is not known. 

The two pure or cauſtic fixed alkalis, have a very ſtrong 


diſcovered, that the dry fixed cauſtic alkalis act on ſulphur 
when in the cold. The pure fixed alkali and the ſulphur in 
powder muſt be triturated in a mortar ; the moiſture of the 
air attracted by the alkali favours the re- action of the ſalt on 
the ſulphur. The mixture becomes ſoft, aſſumes an yellow co- 
Jour, emits a fetid ſmell, and is converted into a ſulphure ; 
but when this ſulphure is diſſolved in water, the ſolution is of 


ſulphur than the ſame ſulphure prepared by heat, The alka- 
line ſulphure is prepared in laboratories in two methods, by 
the dry or by the moiſt way ; the firſt proceſs is performed by 
melting equal parts of pure and ſolid potaſh or ſoda, and flowers 
of ſulphur in a crucible: as ſoon as the mixture 1s entirely 
melted, it is to be poured out on a marble ilab, and appears 
when cool to be of a red brown colour, reſembling that of the 
liver of animals, Gengembre, who has communicated to the 
Academy a ſeries of very valuable experiments concerning ſul- 
phurated hydrogen gas, makes an important obſervation on the 
alkaline ſulphure prepared by the dry way; namely, that this 
compound is not fœtid, and does not emit ſulphurated hydro- 
gen gas, While it is dry; its ſmell not becoming perceptible till 
it has attracted moiſture from the atmoſphere, or is diſſolved 
in water: a fact which proves that water diſengages the ſœtid 
gas, as we ſhall more fully explain. The two pure and cau- 
ſtic fixed alkalis act abſolutely in the ſame manner on ſulphur, 
and are equally capable of diſſolving it by the dry way. Theſe 
combinations of cauſtic alkalis with ſulphur have hitherto been 
little attended to; alkaline ſulphure having almoſt always been 
made with fixed alkalis, ſaturated with the carbonic acid. Yet 
there are remarkable differences between theſe two kinds of 
ſulphures ; thoſe made with the efferveſcent fixed alkalis re- 
quire a longer time for their preparation, becauſe theſe ſalts 
are much leſs active. But the moſt important difference we 
have had occaſion to obſerve between the ſulphures made with 
cauſtic or mild alkalis in the dry way, is the comparative ſtate 
of their ſaturation. In fact, the ſirſt are brown, and more fœ- 
tid when diflolved, and the gas they afford is much more in- 
lammable than that of the ſecond. Theſe laſt are of a paler 
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leſs decompoſable, and more permanent, than the other, I have 


a pale yellow colour, and is found to contain a leſs quantity of 
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colour, often of a greeniſh grey; their ſmell is weaker, and 


their compoſition leſs durable. The carbonats of fixed alkali; 
appear to preſerve their acid in their union with fulphur, the 
gas of theſe ſulphures not being inflammable till it has been de. 
prived of its carbonic acid, by waſhing it in lime-water. Thy 


' cauſe of the differences between ſulphures made with cauſiic 


Malis, and thoſe made with mild alkalis, conſiſts therefore in 
the preſence of the acid in the latter, which diminiſhes the et- 


fect of the alkali. | 


Solid alkaline ſulphure, made with either of the cauſtic al. 
kalis, is very fuſible, and, like calcareous ſulphure, is decom- 
poſed by expoſing it to the air when heated in cloſe veſſels; al. 
ter having been moiſtened with a ſmall quantity of water, it 
gives out much ſulphurated hydrogen gas. It is capable of al. 
fuming a cryſtalline form when it becomes ſolid after fuſion; 
but this form has not yet been well deſcribed, While hot and 
dry it has a brown colour; in proportion as it cools and at. 
tracts the humidity of the air, it loſes its colour, and becomes 
paler. The contact of the air ſoon gives it a greeniſh yellow 
colour; after which it is rendered liquid by the moiſture it at. 


tracts, and 1s flowly decompoſed, ſo as to become converted at 


the end of a certain time into ſulphat of potaſh or of ſoda, It 
diſſolves readily in water, immediately aſſuming a peculiar ſœ- 
tid ſmell ; the hepatic gas being formed by the re- action of the 
water: this ſolution is of a deep red alkaline colour, if the ſul. 
phure has been recently prepared, but otherwiſe a green, The 
alkaline ſulphure, prepared in the humid way, by heating a 
ſolution of either of the cauſtic fixed alkalis in water, with halt 


their weight of powdered ſulphur, exhibit the ſame properties 


as the ſolution here mentioned: we may therefore deſcribe 
both under the common name of /iquid alkaline ſulphure. 
The liquid alkaline ſulphure, when very ftrong, depoſits ir- 


regular needle- formed cryſtals by cooling. It is decompoſable 


by the action of heat, When diſtilled in the pneumato-che- 
mical apparatus, it affords ſulphurated hydrogen gas: expo- 
ſure to air likewiſe decompoſes it, ſo that it becomes turbid; 
pellicles are then formed, and ſulphur depoſited. Bergman and 
Scheele thought that this decompoſition is produced by the vi- 
tal air of the atmoſphere ; a ſmall quantity of liquid alkaline 
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ſulphure being placed under a glaſs veſſel with vital air, the 
latter is entirely abſorbed, and the ſulphure decompoſed. 
Scheele has even propoſed the application of this fa& to eudio- : 
metrical purpoſes ; and it is in fact one of the beſt methods of 
aſcertaining the purity of the air. 

Earths, and ſalino-terreſtrial dannen have no action on 
alkaline liquid ſulphure when very pure; but if it has been 
prepared with the carbonats of potaſh or ſoda, it becomes tur- 
bid by the addition of lime-water. Acids decompoſe it, by 
uniting with the alkali, and precipitating the ſulphur in the 
form of a very fine white powder. Nitric acid, poured on ſo- 
lid alkaline ſalphure in fuſion, produces a detonation, ac- 
cording to Prouſt, The oxygenated muriatic acid, poured in 
a large quantity upon a ſolution of alkaline ſulphure, precipi- 
tates little or nothing, becauſe it re- diſſolves the ſulphur by 
virtue of its oxygen, which, being nearly at liberty, unites 
quickly to this combuſtible body, and converts it into the ſul. 
phuric acid. This fact may be ſhown, in the moſt convincing 
manner, from an experiment I have made, of pouring into it a 
mixture of barytic muriat, which produces an abundant pre- 
cipitate of the ſulphat of barytes. 

To obtain this gas, an acid muſt be poured on pulverized ſo- 
lid alkaline ſulphure, a ſtrong efferveſcence is produced, which 
does not take place in the ſame manner, if the acid be poured 
into a ſolution of this compound. This phenomenon, which 
has ſcarcely been attended to by chemiſts, depends on two cir- 
cumſtances: 1. Solid alkaline ſulphure, according to the ob- 
ſervation of Gengembre, does not contain hepatic gas, or ſul- 
phurated hydrogen ready formed; but when an acid is poured 
on it, the water, which holds this laſt ſalt in ſolution, contri. 
butes to its formation. As the quantity inſtantly produced is 
very conſiderable, and che gas does not find a body which may 
retain it in ſolution, it eſcapes, occaſioning a ſtrong efferveſ. 
- cence; ſo that when the experiment is made in a bottle, to 
which a tube is adapted, the gas may be eaſily collected over 
mercury. 2. The ſolution of alkaline ſulphure contains a con- 
ſiderable quantity of gas ready formed ; though a part of the 
gas was diſengaged during the act of its ſolution; and when an 
acid is added, the portion of gag Pich is diſengaged becomes 


ſeparated, the other two become diſunited. Mr. Gengembre, 
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diſſolved in the water, ſo as not to produce a ſenſible efferveſ. 
cence ; or at leaſt the efferveſcence is very inconſiderable, and 
the quantity of gas collected is but ſmall. 

Sulphurated hydrogen gas, which is the ſame in all earthy 
or alkaline ſulphures, and is their diſtinguiſhing charaQeriſtic, 
has been long known by its fœtid ſmell, and by its action on 
metals and metallic oxyds, particularly theſe of lead and bil. 
muth, which it renders entirely black. Its ſmell 3s inſup. 


portable; it ſuddenly deſtroys animal life, renders ſyrup of 
violets green, and burns with a very light blue flame: if it be 
ſet on fire in a large and very clean glaſs veſſel, it depoſits on 1 
the ſurface of the glaſs a yellowiſh pellicle, which is found to 
be ſulphur. This gas is decompoſed by vital air, and depoſits 4 
its ſulphur whenever it comes in contact with atmoſpheric ait; 
it is from this cauſe that ſulphur is found floating in the form E 
of flowers on the ſalphureous waters, which it mineralizes, 1 
though they do not contain true alkaline ſulphur. The ful. 1 
phur depoſited from the waters of Aix-la-Chapelle, Enghien, 
&e. has the ſame origin. From this cauſe likewiſe, ſulphure- 
ous depoſitions are made on that part of bottles which contain 

ſolutions of alkaline ſulphures. Bergman attributes this de- A 
compoſition to the ſtrong affinity of pure air with phlogiſton, 


He conſiders hepatic gas as a combination of ſulphur,' phlogiſ- 
ton, and the matter of heat; when one of theſe principles is 


{truck with the obſervation, that ſulphures do not give out 
ſulphurated hydrogen gas when water 1s not preſent, conclud- 
ed that this fluid, by its decompoſition, contributes to the for- 
mation of the gas ; that its vital air unites with a part of the 
ſulphur, and its hydrogen gas diſſolves a ſmall portion, which 
ſolution conſtitutes ſulphurated hydrogen gas. He imitated 
the formation of this gas, by melting ſulphur over mercury in 
a jar containing hydrogen gas, by the ſolar focus of a lens of 
nine inches in diameter: part of the ſulphur became diſſolved 
in the gas, which aſſumed all the characters of hepatic gas; 

but as the ſulphur alone cannot decompoſe water, and as oxy- | 
gen has a ſtronger affinity with hydrogen than with that com- 
buſtible ſubſtance, Gengembre thinks that the alkali favours 
the decompoſition of water by ſulphur, by reafon of its ten- 
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dency to unite with the product of the combination of ſulphur 


with oxygen ; that is to ſay, with ſulphuric acid. To ſupport 
this theory, Gengembre obſerves, that the quantity of ſulphu- 
rated hydrogen gas diſengaged from alkaline ſulphure, is in 
proportion to the force with which the acid made uſe of retains 
its oxygen; becauſe the water is in that caſe decompoſed, ra- 
ther than the cid. Such, according to him, is the reaſon why 
the muriatic acid aſfords one half more of this gas than the 
nitric, as obſerved by Scheele and Sennebier. Laſtly, The 
proceſs of Scheele for obtaining a large quantity of ſulphurat- 
ated hydrogen gas, which conſiſts in diſſolving an\artificial py - 
rites, compoſed of three parts of iron, and one of ſulphur, in 


diluted ſulphuric acid, tends greatly to eſtabliſh this opinion. 


It therefore appears, that the vital air decompoſes ſulphurated 


hydrogen gas, by uniting and forming water with the hydro- 


gen, while the ſulphur precipitates. 

Water diſſolves ſulphurated hydrogen gas with conſiderable 
facility. This ſolution is a perfect imitation of ſulphureous 
mineral waters. 21 

Earths and alkaline ſubſtances do not appear to act on this 

as. | 
: The ſulphuric acid does not decompoſe this gas, but the ſul- 
phureous acid ſeparates its ſulphur, becauſe its oxygen, being 
partly at liberty, ſeizes more readily upon the hydrogen of the 
Bas. | | 

The nitrous acid, in which the oxygenous principle is very 
weakly retained, quickly decompoſes ſulphurated hydrogen 
gas, and precipitates the ſulphur. This acid is advantageouſ- 
ly uſed as a teſt of the preſence of ſulphur in ſulphureous wa- 
ters b. 

Alkaline ſulphure decompoſes earthy neutral ſalts, as well 
as metallic ſolutions, as we ſhall hereafter ſee. 

The liquid ammoniac has ſcarcely any action on concrete 
ſulphur ; though Boerhaave affirms that this fluid, by long 
ſtanding on flowers of ſulphur, afforded him a gold coloured 
tincture. To combine theſe bodies, they muſt be preſented to 
each other in a ſtate of vapour. With this intention, a mix- 
ture of equal parts of quick-lime and muriat of ammoniac, with 
half a part of flowers of ſulphpr, are diſtilled together. In this 
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diſtillation, which muſt be carefully conducted, a reddiſh yel. 
low liquor is obtained of a penetrating ammoniacal ſmell, and 
ſomewhat hepatic. In a word, a true ammoniacal ſulphure, 
which has the property of emitting whitiſh fumes, when in 
contact with air, whence it is called the fuming liquor of Heyl. 
This ammoniacal ſulphure is decompoſed by heat. At the 
end of a certain time, a large quantity of ſmall rainbow-colonr. 
ed needles, one or two lines in length, are formed, which ap. 
pear to be the concrete and cryſtallized ammoniacal ſulphure, 
A light, blackiſh, and frequently golden-coloured cruſt, is de. 
poſited on the fides of the. bottles. Lime and fixed alkalis de. 
_ compoſe the fuming liquor; acids likewiſe precipitate the ſul. 
phur with great facility, and diſengage a very inflammable ful. 
phurated hydrogen gas. The ammoniacal falts, produced in 
theſe decompoſitions, differ according to the nature of the acid 
made uſe of. A miſtake made in one of my lectures, produ- 
ced an accidental diſcovery, which deſerves to be mentioned, 
Being deſirous of precipitating. the fuming liquor of Boyle, 
J took a bottle, placed on my table, with the title of ſpirit 
vitriol; it contained only a very ſmall quantity of the fluid, 
which prevented me from perceiving that it was very concen- 
trated ſulphuric acid. I poured a few drops into the ammo. 
niacal ſulphure; a rapid inteſtine motion was inſtantly excited, 
a very denſe white cloud iflued out of the veſſel in which the 
' mixture was made, and a noiſe, reſembling that of a large fu- 
ſee, immediately followed. The liquor flew out of the glaſz, 
the veſſel became very hot, and broke into a great number of 
Pieces ; nothing remaining but a yellowiſh thick magma, re- 
ſembling ſulphur, on ſome of the fragments. I have carefully 
repeated this experiment a great number of times, conftantly 
with the ſame reſult. The whole mixture is thrown out, af. 
ter a violent commotion ; but the different phenomena ſucceed 
each other with ſuch rapidity, that it is impoſſible to avoid 
.confounding them together. The moſt fuming nitrous acid 
did not appear to produce the ſame effect on the ammoniaci! 
ſulphure prepared ſome time before ; the mixture is ſtrong!) 
agitated ; much heat and ebullition is produced; a white cloud 
of ammoniacal nitrat riſes, but no exploſion follows, as is pro- 
duced byconcentrated ſulphuric acid on the ſame hepatic liquor, 
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though made a long time before. Prouſt affirms, that nitrous 
acid, poured on two drachms of the fuming liquor of Boyle, 
produces a report equally violent with that of the ſame quan- 
tity of fulminating powder. This phenomenon does not ap- 
pear to take place, but with the ammoniacal ſulphure recently 
prepared. | | 

Ammoniacal carbonat likewiſe unites with ſulphur. When. 
ever theſe two bodies meet in the vaporous form, they unite, 


and compoſe a concrete ammoniacal ſulphure. It may be ob- 


tained, by diſtilling a mixture of equal parts of carbonat of 
potaſh, of lime, and of ammoniacal muriat, with half a part of 
ſulphur. This fulphure is of a red brown, and cryſtallized ; 
it emits ſome white vapours when diffolved ; is decompoſed by 
heat ; is changed, and loſes its colour, by expoſure to air ; 1s 
decompoſed by acids, &c., The ſulphurated hydrogen gas 
which it affords contains carbonic acid. It muſt be obſerved, 
that this concrete ammoniacal ſulphure is merely ammoniacal 
carbonat, vitiated by a ſmall portion of the fuming liquor of 
Boyle; for it is impoſſible that the ammoniac ſhould hold 
ſulphur in ſolution, while it is combined with the carbonic 
acid, which has the property of precipitating the ſulphur of 
the ammoniacal ſulphure very readily. ; 

Several acids act upon ſulphur. If ſulphuric acid be boiled 
on ſulphur, the acid aſſumes an amber colour, and a ſulphure- 
ous ſmell; the ſulphur melts, and floats like oil : in cooling, 
it forms concrete globules, of a green colour, which is deeper, 
in proportion to the time it has been expoſed to the action of 
the acid. The acid diſſolves a ſmall part of the ſulphur, which 
is precipitable by an alkali, as Baume has ſhown. This ex- 


periment, and many others of the like nature, convinced Ber- 


thollet, that the ſulphureous acid conſiſts of the ſulphuric acid, 
which holds ſulphur in ſolution. And in fact, this opinion a- 
grees with all. the modern experiments, which ſhow the ſul- 
phureous acid differs from the ſulphuric in no other reſpect, 
but in containing a greater proportion of ſulphur. 
The ſmoking nitrous acid acts ſtrongly on ſulphur. Prouſt 
was the firſt who obſerved, that a detonation and inflammation 
are produced -when red nitrous acid is poured on melted ſulphur. 
Chaptal has made a ſeries of experiments relative to this ſub. 
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je&; he ſucceeded in diſſolving and converting ſulphur into 
ſulphuric acid, by diſtillation, with the addition of nitrous 
acid. Hence it appears oxygen has a ſtronger affinity with 
ſulphur than with azot or baſe of nitric acid. 

The common muriatic acid produces no change in this com. 
buſtible ſubſtance ; but the oxygenated muriatic acid, is capa- 
ble of acting more ſtrongly on it. It burns it even in the midſ 
of water, and converts it quickly into ſulphuric acid. The 
ſulphur is ſeen diſſolving in the water. Experiments have not, 
however, been ſufficiently varied, to render it neceſſary for us 
to dwell longer on this ſubject. 

Sulphuric neutral ſalts have no action on ſulphur ; nitric 
ſalts, on the contrary, cauſe it to burn with rapidity, even in 
cloſed veſſels. Nothing can be more {imple than the theory of 
this important phenomenun. Nitre, decompoſed by heat, af. 
fords a very large quantity of vital air. Sulphur is a very 
combuſtible ſubſtance ; that is to ſay, it has a ſtrong tendency 
to unite with oxygen: it therefore finds that, in the nitre 
which is neceſſary for its combuſtion, and does not therefore 
need the contact of atmoſpheric air for that purpoſe. The 
products are very different, according to the reſpective quan- 
tities of nitre and of ſulphur employed. If a mixture of eight 


parts of ſulphur, and one of nitre, be ſet on fire in a cloſe 


veſſel, the ſulphur burns with a very brilliant white flame, 


and becomes converted into ſulphuric acid. This method has 


been uſed in England, and in Holland, for more than twenty 


years, for preparing this acid, which was before obtained from 


vitriol, Very large glaſs veſſels, capable of holding about four 
or five hundred pints, having a large neck, were at firit uſed 
in England. Theſe were placed beſide each other, on a bed of 
fand, in two rows, at a ſufficient diſtance from each other to 
be conveniently come at. A few pounds of water were put 
into each of theſe veſſels, A ſtone-ware pot was introduced 
into the neck of each veſſel, on which a ladle of iron, previ- 
ouſly made red hot, was placed. Into this laſt, by means ol 


another ladle of tin-ware, a mixture of ſulphur and nitre, in 


due proportion, was put; the aperture of the glaſs veſſel be- 
ing immediately cloſed with a ſtopper of wood. The heat of 
the iron ladle ſet theſe ſubſtances on fire; the ſulphur became 


* 
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burned by the oxygen of the nitre ; and when the combuſtion 
was finiſhed, the veſſel was taken out, and the vapours ſuffer- 
ed to condenſe. The ſame operation was made in each of the 
glaſs veſſels compoſing the two rows, ſo that the workman, af- 
ter paſſing through the whole range, arrived at the firſt veſſel, 
at the time when the vapours were totally condenſed, and the 
veſſel conſequently in a ſtate to receive a new portion of the 
burning matter. When the water was ſufficiently charged with 
acid, it was taken out, and poured into glaſs retorts, and the 
acid concentrated, by diſtilling off the aqueous part, till a bottle, 
capable of holding an ounce of diſtilled water, would contain 
one ounce ſeven drachms and a half of the acid. Such was 
the method of preparing ei vitriol, or concentrated ſulphuric 
acid in England, which was very expenſive, on account of the 
price and brittleneſs of the large glaſs veſſels. But ſulphur 
has been for ſome years burned for this purpoſe in iron grates, 
placed within large chambers, lined on all fides with lead ; the 
ſulphuric acid being conducted by gutters, as it is condenſed, 
into a receiver. It is afterwards concentrated by the action of 
fire. This proceſs is uſed in the manufactory of Javelle, near 
Paris, the eſtabliſhment of which cannot but be very uſeful to 
the arts. It is proper to obſerve, that the ſulphuric acid ob- 
tained by this proceſs, always contains a ſmall portion of ſul. 
phur and ſulphat of potaſh, together with a little ſulphat of 
alumine and ſulphat of lead; but the quantity of theſe ſub- 
itances is ſo ſmall, as to have no ſenſible effects in moſt of the 
uſes to which this ſaline matter is applied. It is, beſides, very 
caſy to purify it for the nicer purpoles of chemiſtyy, by diſtil- 
ling it to dryneſs. 

If, inſtead of burning ſulphur with the addition of one- 
eighth part of nitre, the doſe of the latter be augmented, ſo 
as to be equal to that of the ſulphur, ſulphat of potaſh, form- 
ed by the combination of the ſulphuric acid with the fixed al- 
kaline baſe of the nitre, will be obtained, inſtead of the diſ- 
engaged ſulphuric acid. The ſalt obtained in this method, is 
called the polychreft ſalt of Glaſer. It is prepared, by throwing 
a mixture of equal parts of ſulphur and nitre, into a red hot 
crucible ; the reſidue is diſſolved in water, evaporated to a pel- 
licle, afterwards filtered, and affords, by cooling, true ſulphat 
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160 GUNPOWDER. 

of potaſh, which has been diſtinguiſhed by the name of its in 
ventor, Glaſer ; though it does not at all differ from common 
ſulphat of potaſh, _ : 

A mixture of ſulphur and nitre with charcoal, compoſe; 
gunpowder, whoſe terrible effects ariſe from its great combulii. 
bility. It is formed; for the moſt part, of nitre, with a much 
ſmaller proportion of charcoal, and till leſs of ſulphur. On, 
hundred pounds of gunpowder of Effone, near Corbeil, cog. 
tain ſeventy-five pounds of nitre, nine pounds and a half 0 
ſulphur, and fifteen of charcoal. This mixture is triturate 
for ten or twelve hours, in wooden mortars, with peſtles 9 
the ſame ſubſtance, a very ſmall quantity of water being, adde{ 
from time to time. When almoſt the whole of the fluid i; 
evaporated, ſo that the powder will not ſoil an earthen plate, 
it is carried to be granulated. This is effected, by cauſing i 
to paſs through a number of ſieves of ſkin, which are movel 
backwards and forwards in a right line. The holes in theſe 
fieves are of various ſizes, down to that of cannon powder, 


The duft, or meal powder, is ſeparated from the grains by 


ſifting. The grains are then carried to the drying-houſe, which 
is a ſhed expoſed to the ſouth, with glaſs windows, ſo as to re- 
ceive the rays of the ſun, Cannon powder receives no other 
preparation than we have here mentioned. Muſket powder i 
glazed, that it may not ſoil the hands. To perform this ope, 


ration, a caſk, mounted on an axis, and turned by a watet 


wheel, is half filled with powder. The motion of the caſk ex- 
cites continual friction, by which the grains of the powder are 
worn ſmooth. The duſt is ſeparated from this glazed powder 


by a fieve, and the grains are likewiſe ſeparated by another 


fieve, into a finer and a coarſer ſort. Baume; in conjunction 
with the Chevalier D'Arcy, has made a very numerous ſet d 
experiments on the method of preparing gunpowder, on th 
reſpective forces of this compound, made with different pro- 
portions of the ingredients, and on the analyſis of this ſub- 
ſtance. Out of the many valuable circumſtances of informs 
tion derived from theſe experiments, we ſhall ſelect the molt 
important, and ſuch as have an immediate reference to chemi- 
cal theory. I. Good powder cannot be made without ſulphur, 
as has been propoſed by ſeveral perſons ; this ſubſtance bei 
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fund greatly to inereaſe its force. 2. Evety kind of chars 
coal, whether light or heavy, except animal coal, is equally 
i for making gunpowder. 3. Charcoal is one of the moſt 
uleful ingredients, a mixture of ſulphur and nitre not pro- 
dueing an effeck to be compared with that of gunpowder, 
{. The goodnefs of gunpowder depends entirely on the aceu- 
rite mixrure and trituration, continued till the powder riſes' 
in the form of duſt about the mortar. 5. Powder has à much 
greater efe& when fimply dried, than when grained The 
moiſture neceſſary to grain the powder, cauſes the nitre to ſe- 
parate, by cryſtallization, from the other ſubſtances ; ſo that 
it may be obſerved, by a magnifier, in the internal part of 
grains of powder, cut in two. 6. Glazed, or muſket powder, 
is lefs ſtrong than unglazed powder, becauſe the particles of 

the former are cloſer together, and conſequently leſs inflamma- 
ble. As to the analyſis of gunpowder, Baume performs it iu 
z very ſimple manner: his proceſs conſiſts in waſhing the gun- 
powder, well pulverized, with diſtilled water, and evaporat- 
ing the water, which of courſe affords the nitre in eryſtals; 
the refidue contains the ſulphur and charcoal. Sublimation 
ddes not completely ſeparate the former, becauſe it appears to 
be partly more fixed by the charcoal, Baume, to ſeparate 
them, burned the ſulphur by a heat not ſufficient to burn the 
charcoal. The latter, however, always retains a fmall quan- 
rity of ſulphur, fince, according to the obſervation of that 
chemiſt, it emits a ſulphureous ſmell till it is entirely reduced 
to alhes, He eſtimates the ſulphur, retained by the charcoal, 
at one twenty- fourth of its weight. Gunpowdet may like- 
wiſe be deprived of its ſulphur, by exhotiug it entire, and 
without previous wathing, to the action of à gentle heat, as 
Mr. Robins, in his Treatiſe on Gunnery, written in the Eng- 


lich language, has obſerved. The perſons who fteal game have 


been long in the habit of deſulphurating gunpowder, by ex- 


W poſing it in a tin diſh to the heat of a bed of aſhes. They are 
S perſuaded, that the powder, in this ſtate, impells the ſhot to a 


much greater diſtance, and does not foil the plece A gn 
Chemiſts and natural philoſophers have maintained various 


opinions reſpecting the violent effects of gunpowder ; ſome 


have attributed them to water, reduced into vapour, aud othery 
Vol. II. | 8 : 
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to the ſudden dilation of air. Baume ſuppoſed them to ariſe 
from a nitrous ſulphur, formed in the inſtant of combuſtion, 
For our part, we think this phenomenon may be very readily 
explained, by the application of the modern improvements in 
chemiſtry. To render our theory more perſpicuous, it muſt 
firſt be obſerved, that all the phenomena, which attend the in. 
flammation of gunpowder, depend entirely on its great com- 
buſlibility. But ſulphur and carbon minutely divided, are bo- 
dies highly inflammable. The intimate mixture, which has { 
great an influence on the force of gunpowder, as Baume's vn. 
luable experiments have ſhown, is the only cauſe of its effect. 
The nitre is equally diſperſed among all the particles of very 
combuſtible matter : as its quantity is much the greateſt, each 
particle of ſulphur and charcoal is ſurrounded, and, as it were, 
covered with nitre. A much greater quantity of vital air, Wi 
than is neceflary for the complete combuſtion, will be produ- 
ced ; it being well aſcertained, that nitre affords that fluid in 
great quantities, by the application of heat. The ſame thing 
happens in this combuſtion, as is obſerved, when a combuſtible 
body is plunged in a veſſel filled with vital air; that is to fay, 
= | it is burned with great vivacity, and in much leſs time than in 
\ the common atmoſpheric air. It follows, therefore, that the Wi 
| | ſulphur and the charcoal muſt be burned in an inſtant, becauſe Wi 
| they are really plunged in an atmoſphere of vital air. Hence, 
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the rapid inflaramation of powder, its taking place in cloſe 


| | veſſels, and the terrible force with which it explodes and drive 
= every obſtacle before it, may be eaſily conceived ©, . 
ih The effects of this mixture of nitre, ſulphur, and charcoal, 

I | are nothing, in compariſon with thoſe of another preparation, 
5 


called fulminating powder. This is made, by triturating, in 4 
hot marble mortar, with a wooden peſtle, three ounces of nitre, Mi 
T4 two ounces of carbonat of potaſli or very dry fixed ſalt of tartar, Wi 
il and one ounce of flowers of ſulphur, till the whole is very ac- 
| curately mixed. If a drachm of this powder be expoſed bot | 
1 gentle heat, in an iron ladle, it melts, and ſoon after produce i 
i | a detonation as loud as the report of a cannon. This pheno- i 
| | menon, which is ſo much the more aſtoniſhing, becauſe its e. 
fect is produced without encloſing the powder in any inſtru 
ment, as is done with gunpowder, may be explained, by ob- 
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ſerving, 1. That it does not ſucceed, but by gradually heating 
the mixture, ſo as to melt it. 2. That if fulminating powder 
be thrown on ignited charcoal, it only fuſes, like nitre, but 
W with very little noiſe. 3. That a mixture of ſulphure of pots 
aſh with nitre, in the proportion of one part of the former, 
WT and two of the latter, fulminates with more rapidity, and pro- 
auces as loud a report, as the compoſition of ſulphur, nitre, 
Band alkali : hence it appears, that when fulminating powder is 
eated, ſulphure of potaſh is formed before the detonation takes 
place; and this fact is ſufficient to explain the whole appear- 
znce. When cryſtallized nitre, and ſulphure of potaſh are ex- 
Wpoſed to the action of heat, ſulphurated hydi gas is diſen- 
paged from the latter, while the ſalt gives out vital air. Now 
Wtheſe two, which together are capable of producing a ſtrong 
etonation, as we have obſerved in the hiſtory of hydrogen 
gas, are ſet on fire by a portion of the ſulphur. But as the 
nick fluid they are obliged to paſs through preſents a con- 
derable obſtacle, and as the whole takes fire at the ſame in- 
ant, they ſtrike the air with ſuch rapidity, that it reſiſts in 
Whe ſame manner as the chamber of a muſket reſiſts the expau- 
Jon of gunpowder. A proof of this is obſervable in the ef- 
ect the fulminating powder has on the ladle in which it ex- 
lodes. e bottom of this veſſel is bulged outwards, and the 
| inwards, in the ſame manner as if it had been acted 
| a force directed perpendicularly downwards, and lateral- 
i „though it may be eaſily conceived that the effect 
f the exploſion ſhould be directed equally on all ſides or cir« 

oa Fularly. | 
= Laſtly, We ſhall in this place conſider, that mixture of nitre 
nd ſulphur, which is called poxuder of fufron. It conſiſts of 
nree parts of nitre, one of ſulphur, and one of ſaw-duſt. A 
mall quantity of this powder is put into a nut-ſhell, with a 
Hall piece of copper money rolled up; the piece is covered 
Lich the ſame powder, which being ſet on fire, burns rapidly, 
d melts the coin, without burning the ſhell, which is only 
1eno- Wlacked. It is neceſſary, however, to plunge the whole in 
sel- Pater as ſoon as the powder has ceaſed to burn, This experi- 
ſtru- | zent proves, in fact, that the powder is an effectual flux. But 
y ob- ; the preſent appearance depends, in a = meaſure, on the 
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action of the fulphur on the metal, we ſhall again mention this 
fact in the hiſtory of metallic ſubſtances. 

_- Mauriatic, fluoric, and boracio neutral ſalts, have no actiot 
on ſulphur. We have feen, that alkaline carbonats unite with 
that ſubſtance, and render it foluble in water, by forming thy 
alkaline ſulphures, which retain a ſmall portion of * ca. 
bonats. 

Hydrogen e act, in any ſenſible manner, on ful 
phur in maſs, but it diſſolves it when divided by caloric, form, 
ing ſulphurated hydrogen gas. It is, proper to obſerve, that i 
was very natural for chemiſts to oonſider theſe ſubſtances, u 
having a ſtrong analogy with each other. For it is certaig 
that the fulphurio acid, in its combination with metallic bo 
dies, affords hydrogen gas, when it is diluted with water, and 
fulphur, when it is concentrated. In alt places where hydro. 
gen gas is produced, as for example, where large quantities d 
animal matters putrify, ſulphur is likewiſe formed; and the 
latter, combined with alkaline fubſtanges, appeared to becom 
changed into hydrogen gas. Laſtly, Hydrogen gas acts ont 
great number of bodies, nearly in the ſame manner as ſul 
phur. It might therefore have been rationally concluded, that 
there is a fort of identity in theſe two bodies, if it were not a 
preſent known, that hydrogen gas is almoſt always produce 
by the decompoſition of water, and that ſulphur does not ente 
into that fluid. 

_ Sulphur is capable of combining with many other ſubſtan 
ces; but as thoſe ſubſtances have not yet been treated of, m 
ſhall poſtpone the conſideration of their properties to the tv 
ſuing part of this work. 
Sulphur is an excellent 38 pituitous diſorders of the 
lungs, and eſpecially in cutaneous diſorders. It is very ſus 
ceſsfully employed in the humid aſthma, and in ſcorbutic erup 
tions. It is adminiſtered in the form of flowers of ſulphur, d 
in lozenges prepared with ſugar. An oiptment is made wil 
fat ſubſtances, with which cutaneous eruptions are rubbed 
_— ſulphures have been propoſed in obſtructions, numb 
neſs, palſies, foulneſſes of the ſkin, &c. Though ſome phy 
| —4 have ſuppoſed that ſulphur is not ſoluble in the anime 
_Huids, it is nevertheleſs certain, that it penetrates to the er 
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:cemities* of the minuteſt veſſels, ſinee the perſpiration, the 
urine, and the ſaliva, of ſuch as uſe it, are manifeſtly impreg- 
nated, The ſulphurated hydrogen gas, diſſolved in mineral 
waters, as in thoſe of Cauterez, Aix la Chapelle, Bereges, and 

Enghien, communicates to them diſcuſſive properties, of great 
ſervice in diſorders of the kin, the lungs, the joints, palſies, 


Kc. | 
Sulphur is not leſs uſeful in the arts. We have ſeen its ati. 


lity in making gunpowder and fire-works. It is uſed to take 
fine imprefſions of engraved ſtones, to make matches, to bleach 
ſilks, and to deſtroy certain colours; to impede or ſtop the pro- 
greſs of fermentation in wines, &c. It has been 2h mech to 
be uſed in fixing iron in * &c. 
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a L. abe, in expoſing a diamond to the focus of a burning glafs, in contact 
with oxygen gas, obſer ved that the diamond diſappeared in leis than {ive m Hutes. 
The diamond, during this combuſtion, exhibited an evident flame, Which was not 
extinguiſhed by a ſtream of oxygen gas. He repcated this experiment, on a fill 
larger diamond, and with ſunilar effects. See Gren's Neues. Fournas de Piet. 
Driiter Band. Seite, 88. 

Landriani mentions an experiment in which the diamond was fixed to the end 
of a ſmall iron wire, which was heated red hot, and plunged into a veſſel contains 
ing oxygen gas. The combuition of the iron communicated uelf to the diamond, 
which burned ia this gas with a very bright light. "This experiment, howevery 
did not ſucceed with the diamonds from Brazil. See Aue. de Chem. i om. XI. 
196 

Mr. Tennant has lately removed all our doubts with regard to the nature of 
Gamoad, by a very acgurate and fimple experiment. Into à gold tube, clo. ed at 
one end, he introduced two grains and à half of ſmall diamonds, with a quarter of 
an ounce of nitre. This tube was expoſed to a ſtrong red heat for about an hour and 
2 half, The air which was extricated during this proceſs contained only a very: 
ſmall quantity of earbonic acid gas. After the tube had berome cold, the alkalne 
fatter contained in it was diſſolved in water, and the whole of the diamouds 
were found to have been deſtroyed. A ſaturated ſolution oi marble in muilace 
acid was added to the alkaline folution. A precipitate of carbonat of hme was 
inſtantly formed. By adding muriatic acid to this carbonat, a quantity of carbonit 
acid gas was extricated, which occupied the ſpace of a little more than 1074. 
vunces of water, 

In a ſecond experiment, made in a ſimilar manner with one grain and a half of dia- 
monds, 6,18 ounce meaſures of carbonic acid gas were obtained. The quantity af 
arbonic acid, therefore, produced in theſe two experiments, from the combuſtion of 
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* 


the diamond, differs very little from what would have been produced by the com- 


buſtion of an equal quantity of carbon. By combining the carbonic acid obtained 


from the combuſtion of the diamond with lime, and expoſing it to heat with pho. 
phorus, it afforded carbon in the ſame manner as any other calcareous carbonat. 
See Phil. Tranſ. for 1797, p. 123. 

d Some of the more remarkable properties of alkaline ſulphures * been inveli 
gated more recently by the Society of Dutch Chemiſts. 

By expoſing two equal quantities of freſh ſulphure of potaſh to equal volumes 
of atmoſpherical air, the one confined by mercury, the other by water, theſe che. 
miſts obſerved, that at the end of a few days the volume of the air over the mer. 
cury was not diminiſhed, while that of the air over the water in the ſame ſpace of 
time was diminiſhed nearly one fourth. This air, on examination, was found to be 
completely deprived of its oxygen gas. Effects quite ſimilar were produced by 
uſing ſulphure of barytes. The abſorption of oxygen gas took place alſo is the 
air over mercury when the ſulphure had been previouſly moiſtened with  litth 
water. A conſiderable diſengagement of caloric was produced at the moment the 
water came into contact with the ſulphure. 

In expoſing nitrous gas to alkaline ſulphures this gas was deprived of its oxygen 
in the ſame manner as atmoſpherical air. The dry ſulphures, however, had m 
action on this gas, but as ſoon as a little water was added, an abſorption of oxygen 
gas immediately began to take place. Theſe fats were ſufficient to ſhow that the 
attraction of the ſulphure for oxygen, in theſe experiments, was not exerted d- 
realy, but only through the intervention of water. With a view to diſcover the 
ſhare which water has in producing this abſorption of oxygen gas, a quantity d 
aqueous vapour was made to paſs through hot alkaline ſulphure, and it was found 
that ſulphurated hydrogen gas alone paſſed over into the receiver. When muriat df 
barytes was added to a ſotution of the ſulphure uſed in this experiment, a copious 
precipitation of ſulphat of barytes took place. This experiment ſhowed that it 
was the water which had been decompoſed, and that it was the oxygen of thi 
fluid which had united with the ſulphur of the ſulphure to form ſulphuric acid 
Sulphure of lime, through which aqueous vapour had bcen paſſed, afforded the 
fame reſults. 

Theſe chemiſts, however, were not able to effe& the direct combination of ſu 
phur with hydrogen, by paſſing this gas through alkaline ſulphures in a high tem- 
perature. | 

Sulphurated hydrogen gas was quickly abſorbed by the cauſtic ſolutions of am- 
moniac, ſoda, and potaſh, I. ime water produced the ſame effect, but with leſs n. 
pidity. The ſulphurated hydrogen gas could be ſeparated from the alkali by the 
addition of an acid in a quantity equal to that which had been abſorbed. All- 
lis, in their dry ſtate, did not abſorb this gas; but the addition of a little moi 
ture occaſioned an immediate abſorption, 

When ſulphurated hydrogen gas was brought into contact with ammoniacal gi, 

a combination took place, and the gaſes were deprived of their elaſticity. The 
8 hydrogen gas could be diſengaged by adding an acid, which united 
with the ammoniac. By expoſing the ſulphurated hydrogenated ammoniac to 1 
ſtrong fire, the ſmoking liquor of Boyle was produced. Carbonic acid ſeemed to 


deſtroy the affinities of alkalis for ſulphurated hydrogen gas. 


The fixed alkalis alſo, ſaturated with ſulphurated hydrogen gas, were ſound to 
poſſeſs the property of abſorbing oxygen when expoſed to the atmoſphere; the 
** in * with the alkali, forming with this oxygen a ſulphat, Ide 
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of the water ſeemed to be attracted in preference to that of the atmoſphere. | 
In this caſe the hydrogen of the water has a tendency to combine with the other 
of the ſulphur, and to form ſulphurated hydrogenated gas. 

An alkaline ſulphure diſſolved in water contains therefore alkaline ſulphure, pro- 
perly ſo called, or the ſimple combination of ſulphur with alkali; adly, Sulphat of 
alkali; and, 3dly, Sulphurated hydrogen gas diſſolved in the alkaline ſulphure. It 
is this ſulphurated hydrogen which abſorbs oxygen from the atmoſphere. When 
expoſed to that fluid, the hydrogen has a tendency to reſume its oxygen, and to 
form water, while the ſulphur which had been united to the hydrogen remains 

in combination with the alkali, But the water thus formed is decompoſed in its 
turn; and theſe operations go on alternately till every particle of the ſulphure is 
converted into a ſulphat. Journ. de PM. 1792, Vol. I. p. 409. 

- Berthollet diſtinguiſhes the combinations of ſulphurated hydrogen with alkaline 
er earthy baſes by the name of Hydro ſulpbures. 

The hydro- ſulphures of potaſh and ſoda are procured by receiving ſulphurated 
hydrogen gas in a ſolution of theſe alkalis in water. The alkali is allowed to ab- 
ſorb an exceſs of the gas, which may be afterwards diſſipated by heat. The hydro- 
fulphures of lime and magneſia are prepared in the ſame manner. When preſerv- 
ed carefully from the air, theſe hydro-ſulphures are colourleſs ; but contact with 
that fluid gives them immediately a yellow tinge. 

In expoſing a ſolution of ſulphure of potaſh to the action of ſulphurated hydro- 
gen, Berthollet obſerved that a great part of the ſulphur was precipitated, Water 
impregnated with ſulphurated hydrogen produced alſo the ſame effect. 

The affinities of the earthy and alkaline baſes for ſulphurated hydrogen have 
deen but very curſorily examined. Berthollet thinks that barytes has the ſtrongeſt 
affinity, alumine little or none, When hydro- ſulphure of potaſh or of ammoniac 
is mixed with an acid ſolution of lime, magneſia, or barytes, no precipitation takes 
place, either becauſe there is no exchange of baſes, or becauſe the reſults of the new 
combinations are all ſoluble in water. The ſolution of alumine is precipitated, 
and Berthollet propoſes this as a convenient method of ſeparating alumine from 
other earths diſſolved in acids. * 5 

Sulphurated hydrogen diſſolved in water reddens the tincture of turnſole. Its 
combinations with alkalis and earths produce a decompoſition of metallic ſolutions» 
This ſubſtance decompoſes ſoap, precipitates ſulphur from alkaline and earthy ſul- 
phures, and forms with the alkali or earth a triple combination. But as theſe are 
the properties by which acids are characterized, Berthollet is of opinion that ſul- 
phurated hydrogen ought to be ranked among that claſs of ſubſtances. 

In order to determine whether ſulphurated hydrogen be formed at the moment 
water is added to a ſulphure, or whether the action of an acid contributes to its 
formation, Berthollet made the following experiment. 

Dry ſulphure of potaſh was diſſolved in alcohol, and ſulphat of potaſh FY 
formed. On mixing the liquor, which was of a very deep colour, with diſtil- 
led water, it became muddy, and depoſited a conſiderable quantity of ſul- 
phur. To this liquor, after it had been allowed time to ſettle, he added muri- 
atic acid; by which a large quantity of ſulphurated hydrogen gas was diſen- 
gaged, and the remainder of the ſulphur precipitated. A ſolution of muriat of ba- 
tes, poured into this liquor, did not diſturb its tranſparency; a proof that nei- 
ther the ſulphuric nor ſulphureous acids are formed when a ſulphure is decompoſ- 
ed by muriatic acid. From this experiment, Berthollet concludes that the ful- 
Phurated hydrogen is produced from the decompoſition of the water furniſhed by 
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; the alcohol, agd that the 20 ion of the acid cooſills merely in gitiag 7 Css 
| form to the product, by the caloric which it diſengages. 
11 A ſolution of hydro · ſulphure 6f alkali diflolves ſulphur in the cold. 1f OL genats 
1 ed muriat of potaſh be added to a ſolution of ſulphure of potaſh, ſulphur will he pre- 
1 _ cipitated. The ſulphurated hydrogen, in this experiment, is deſtroyed by iq 
il oxygen of the muriatic acid and the ſilphur precipitated, becauſe the alkali hay g 
: greater attraction for the water than for the ſulphur. The union, therefore, he, 
5 tween a ſulphure and water is produced ſolely through the intermedium gf {yl 
1 phurated hydrogen. To the combination of the hydro- ſulphure of alkali wih 
BY - ſulphur, Berthollet gives the name of 4ydrogenated , ſulpb ure. The combinatian o 
| alkalis, therefore, with ſulphur, according to this nomenclature, are either fy 
© ; Pburet, bydro-ſulpbures, or hydrogenated ſulphures. 
K In the diſtillation of ſulphure of ammoniac, it is only the liquor which conn 
| over firſt that is ſmoking. Berthollet added ſome muriatic acid to equal poryoy 
F bs of the ſmoking and of the unſmoking liquors obtained in this diſtillation, and of 
| hydro- ſulphure of ammoniac ; very little ſulphuzated hydrogen was evolved {roy 
the ſmoking liquor, and only a ſmall portion of ſulphur depofited, The acid 
diſengaged more of the ſulphurated hydrogen gas, and of ſulphur, from the wp 
| ſmoking liquor. A much more conſiderable quantity of ſulphyrateg hydrogen g 
'E was diſengaged by this acid from the hydro- ſulphure of ammoniac ; but this di 
1 engagement was unaccompanied by any depoſition of ſylphur. By mizing yearly 
1} | equal parts of ammoniac with the unſmoking liquor, and with the hydro- ſulphun 
"22 of ammoniac, theſe two liquors immediately began to fume, and to reſemble, g 
their colour and other qualities, the ſmoking liquor which comes firſt oyer ip di 
Rillation. Berthollet, from this experiment, is inclined to afcribe the ſmoking 
guality of the liquor to the preſence of a portion of uncombined ammoniac. 
Sulphure of ammoniac is capable of diſſolving à conſiderable guantity of du. 
phur in the cold. In the fuming Rate, it diſſol ves à quantity of ſulphure Tuflicig 
to ſaturate the exceſs of ammoniac, and my to be fuming. The fulphure o 
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| Ammoniac, ſaturated with ſulphur, has a degp colout and ogily Ice. Sub 
: phurated hydrogen does not produce in it any precipitation of ſulphur ; but thi 
ſubſtance is depoſited by the contact of air, which ad immediately on the hydro- 
cen. The ſolution of ſulphur in fulpbure of ammoniac forms, then, according iy 
the nomenclature of Berthollet, an hydrogenated ſulpbyre of ammaniac- 
When muriatic acid is added to an hydrogenated fplphpre of alkali, 2 final 
quantity of ſulphurated hydrogen gaz is produced; but while che greater part d 
the ſulphur is ſeparated, there is angther portion of it which combipes with the 
ſulphurated hydrogen, acquires an oily aſhcarance, and {inks ta the battom of the 
veſſel in which the experiment is made. This combination Berthollet terme Hy- 
drogenated Sulphur. It was Scheele who firſt obſeryed the formatian of this h- 
pagan — it has pot been mentioned by any che. 


| 3 ſulphur gives out ſulphurs ted hydragen gas when expoſed to the 
action of @ gentle heat. Contact with air alſo ſpeedily diſengages this gas. {8 
boch theſe caſes, the hydrogenated ſulphur gradually loſes its fluidity, and #8 
8 laſt changed ipta pure ſulphur. A ſmall degree of heat is produced by mixig 
Potaſh with hydrogenated ſulphur, and a ſmall quantity of ſulphurated hydroget 
diſengaged from that portion of the hydrogenated ſulphur which dacs not cow» 
bine with the alkali. —— . ĩt̃ nya 
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— 28 is not decompoled by oxygen 28s in the andinary 
tamperatyre of che atmoiphere. It is the ſame whep this gas 45 diſſolved in wa- 
ur. In the latte r caſe, the air attract it from the water in which it is diſſolved 3 
it is pot ſo with the hydro-ſulphures. When pure, theſe ſubſtances have ** 
Jour. but they receive a Fellow tinge from the ation of air, 

if to 2 colourleſs bydro-ſulphuce, ſulphuric, — — 
aided, which has no aRion on hydrogen, ſulphutated hydrogen gas will be diſ- 
cogaged . without any depoſition of ſulphur; but if dhe hydro- ſulphure has he- 
come coloured, a depoſitian of iu wall take place in proportion to the chan 
ges which the ſulphurated hydrogen As already undergone. le is che hydrogen, 
therelore, which is firſt diminiſhed in the decompoſition of ſulpburated hydrogen. 
In combining with the oxygen of the atmoſphere to form water, it quits the ful» 

phur, but a portion of the ſulphur is ſoap changed into an acid ; and when the 
ſulphurated hydrogen has been reduced to à certain point, the oxygen acts equally 
in decompoſing it upon the hydrogen and the ſulphur. 

If ap hydrogenated fulphure be expoſed to the action of the air, it abſorbs orye 
gen, which acts on the bydrogen and ſulphur, In proportion as hydrogenated 
lulphur is decompoſed, theze is a depoſition of ſulyhur produced ; but in the de» 
compoſition of a hydro- ſulphxre, no depoſit ian whatever takes place. 

1: is the ſulphuric, and not the ſulphurcous acid which is formed, bes water i 
decompoſed, to produce ſulphurated hydrogen, but it is the ſulphurcous acid which 
is formed by the ſpontaneous abſorption of oxygen from the atmoſphere. In the 
former caſe the oxygen is more completely deprived of its caloric, and conſe» 
quently diſpoſed to enter into a cloſer union. 

Sulphureous acid, in contact with ſulphurated hydrogen, yields its oxygen te the | 
drogen; and the ſulphur contained in the ſulphureous acid, as well as that in 
the ſulphurated hydrogen, is precipita ted. 

Nitric acid alſo decompoſes ſulphurated hydrogen: by yielding its oxygen to the 
hydrogen. But this action of the nitric acid is deſtroyed, or, at leaſt, greatly 
weakened, by diluting it with water. Aw. de Chem. Tom. XXV. p. 233. / 

© The explanation given by Fourcroy of the exploſive effects of gunpowder is 
rendered extremely doybtful by the late ingenious and difficult experiments which 
Count Rumford has made upon this ſubject, of which a very minute account is to 
be found in the volume of the Philoſophical Tranſactions for the year 1797. 

By contriving to fire gunpowder in an apparatus, in which the elaſtic fluid gee 
gerated was made to act with a determined force againſt a weight capable of being 
increaſed or diminiſhed at pleaſure, the Count was enabled to calculate the force 
which this fluid exerts with a very tolerable degree of accuracy. In ſome experi- 
ments this force amounted to no leſs than 4125 29 Ibs a force 55004 times great» 
er than the mean preſſure of the atmoſphere. When the weight was increaſed ſo 
as to confine the elaſtic fluid for a few minutes after the inflammation of the pow» 
der, it was found to poſſeſs only a very ſmall degree of expanſive force; for on 
raiſing the weight, the fluid ruſhed out with a noiſe hardly ſo loud or ſharp as the 
common report of an air gun. It became obvious from this and ſimilar experi- 
ments, that the quantity and force of the permanently elaſtic fluid generated were 
by no means adequate to explain the phenomena. Count Rumford was therefore 
led to ſearch for the cauſe of theſe phenomena, in the temporary action of a fluid 
not permanently elaſtic ; and this fluid he conceived to be water, which had been 
converted into vapour by the caloric evolved during the combuſtion of the inflam» 
Table materials of which gunpowder is compoſed. Two conditions only ſeemed 
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to be required to render this ſuppoſition probable ; iſt, The exiſtence of a ſuf. 
cient quantity of water in gunpowder; and, ſecondly, The evolution of a quanti. 
ty of caloric not only ſufficient to convert this water into ſteam, but allo to raiſe 
its temperature in that ſtate to a very conſiderable degree. 

The firſt condition is found in the quantity of water actually contained in gun» 
powder, which from experiment appears to amount to fifteen grains of this fluid 
in ic inch of the powder. The ſecond condition is to be ſought for in 
the degree of heat, which is excited during the inflammation of gunpowder, 
and effects which this degree is known to have of increaſing the expan. 
five force of aqueeus vapour. With regard to the degree of heat, it may be 
remarked, that braſs has been known to melt in the heat generated during the 
combuſtion of gunpowder, when this metal was previouſly reduced to very ſmall 

icles, and mixed with it, Now, this metal, according to Wedgewood, melts 
enly in a degree of heat equal to 3807. It is alſo a well know act, that the 
elaſticity of aqueous vapour is incomparably more increaſed by any given increaſe 
of temperature than that of any other ſpecies of elaſtic fluid. But as the elaſticity 
er expanſive force of this fluid at the temperature of 2120, is equal to the ordinary 
preſſure of the atmoſphere; and as this elaſticity is doubled by every increaſe bf 
temperature equal to 30% of Fahrenheit, it becomes eaſy to calculate what the 
prodigious force of this vapour muſt be when raiſed to the temperature of 38059. 
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CHAPTER V. 
Genus V. METALLIC SUBSTANCES IN GENERAL. 


* 
0 


Mrrar rie ſubſtances conſtitute an order ef bodies, of the 


greateſt importance and utility in the different purpoſes of or- 
dinary life, as well as in chemiſtry and medicine. 'They efſen- 
tially differ from earthy and ſaline matters, by their phyſical 
characters, and their chemical properties. 

Before we proceed to the examination of each particular me- 
tallic ſubſtance, it will be proper to conſider them in general. 
We ſhall do this in order, under ſeveral heads; namely, x. We 
ſhall ſpeak of their phyſical properties. 2. Their natural hi- 
ſtory. 3. The art of aſcertaining their nature and quantity, 
which is uſually called the docimaſtic art, or art of aſſaying. 
43. The art of working metals in the large way, or metallurgy, 
5- Their chemical properties. 6. The method of diſtinguiſh 
ing them from each other, and the diviſions which it is neceſ- 
ſary to eſtabliſh among them. | 


51. Concerning the Phyſical Properties of Metallic Subſlances. 


. Metallic ſubſtances are abſolutely opapue; a circumſtance in 
which they differ greatly from ſtoney ſubſtances : for the moſt 
opaque ſtone, being divided into thin portions, has a ſort of 
tranſparency ; whereas the thinneſt plate of metal is as per- 
fectly opaque as the moſt ſolid piece. The opacity of metal- 
lie ſubſtances, renders them exceedingly proper to reflect the 
rays of light, no bodies poſſeſſing this property in ſo eminent a 
degree. Thus we obſerve, that looking-glaſſes do not ſtrong- 
ly reflect the ſpecies of objects, unleſs they be coated with me- 
tal. The metallic brilliancy ariſes from the ſame property, 
and is always greater, in proportion as the denſity and hardneſs 


* This has not been well inquired into. Gold in leaf, which is about the 
rroddv of an inch in thickneſs, tranſmits light of a lively green colour, and is 
tranſparent. Silver leaf, which is about the red d oN of an inch thick, is perfect 
ly opaque; and ſo likewiſe is leaf braſs, or Dutch gold, whoſe thickneſs is 2 x... 
of an inch, Other metals have not been extended in this way, and whether apy 
of them are capable of it in any conſiderable degree, is not known, T., 
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of the metal permits it to take a finer poliſh, White me. 
tallic ſubſtances reflect a greater quantity of light, and are more 
brilliant than thoſe which are colonred, 

Metallic ſubſtances have a much greater ſpecific gravity than 
all other bodies. A cubic foot of marble weighs only 25; 
pounds; a cubic foot of tin, which is the lighteſt of metals, 
weighs 516 pounds; and a Cubic foot of gold weighs 23:6 
pounds. This exceſtive weight, ſo much beyond that of other 
earthy ſubſtances, doubtleſs depends on their great denſity, ty 
which their perfect opacity and brilliancy are likewiſe owing, 

Moft metallic ſubſtances may be extended, by repeated per. 


euffion, or ſtrong preflure. This property, peculiar to metal. 


lie matters, and which for that reaſon we have not had occafion 
to notice in any of the ſubſtances we have yet examined, it 
termed dutFility, We think it ought to be diſtinguiſhed int 
two kinds; the one, ductulity under the hammer, or ma/leability, 
confifts in the property of being extended into thin plates, 
without cracking; lead and tin poſſeſs this Kind of dudtility 


only: the ocher confiſts in the ſucceſſive, and almoſt extreme 


lengthening of certain metallic matters into wire. This duc 
tility, which is eminently obſervable in iron, copper, and gold, 
is likewiſe called tenacity. It is of much more conſequence to 
make a proper diſtinction between theſe two ſorts of duQility, 


becauſe they appear to be really verydifferent from each other, 


Metallic ſubſtances, which are very malleable, have often 
fcarcely any tenacity ; and many of thoſe which are very duc- 
tile, when in the hand of the wire-drawer, are not very malle- 
able, The tenacity of metals is very accurately expreſſed, dy 
the quantity of weight a metallic wire, of a known diameter, 
is capable of ſuſtaining without breaking: both theſe proper- 
ties appear to depend on the peculiar form of the integrant 
parts of each metal. Metals, which are extended into thin 
plates by percuſſion, ſeem to be formed of ſmall laminte, which, 


when compreſſed, ſlide on each other, and are increaſed in 


breadth, in proportion as their thickneſs is diminiſhed ; while 
ſuch as are capable of being drawn into fine wire, have a kind 
of fibrous texture, whoſe filaments are cauſed to approach each 
other, and become lengthened, by the ſtrong preſſure they ſui 
fer in the drawing. The ductility of metals is limited. It is 


obſerved, that when a metal, even of the moſt ductile Kind, ba- 
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vocei ved feveral ſtrokes of the hammer, it becomes hard, and 
cracks, inſtead of extending; it is then ſaid to be hammer. har. 
a metal in this fate, recovers its former duQility, by 
being vile and gradually cooled. The parts feem to extend 
under the hammer, only while the ſpace between each particle 
is ſuch, that they may yield before the hammer. It may eaſi- 
ly be conceived, that theſe parts, being once brought ſufficients 
ly near each other to leave fcarcely any interval, can no longer 
yield or eſeape before the ſtroke of the hammer; and in that 
eaſe, the impulſe will be exerted in deſtroying the texture, or 
breaking the metal. Hear, by dilating, cauſes the parts to ſe- 
parate, and produces new ſpaces between them, which conſe- 
quently allow of their being again brought together, by * 
rated ſtrokes. 

As ductility is a property of certain metallic fubſtances on- 
ly, chemiſts and naturaliſts have availed themſelves of it as a 
&ſtinctive character. They call thoſe which have the metal. 
lie weight and brilliancy, together with ductility, n., and 
thoſe which, with the metallic appearance, are noi ductile, 
they call /emi-metals, But this diſt inction, though com ferably 
accurate, is not ſufficient ko ſeparate all metallic matters into 
two claſſes, fince the difference between the extreme ductility 
of gold, and the fingular brittleneſs of arſenic, is connected by 
inſenſible degrees in the other metals; there being perhaps a 
greater difference, in this reſpect, between gold and lead, which 
are reckoned metals, than between lead and zinc, the latter of 
which is reckoned among the ſemi-metals ; or between zinc 
and arſenic : belies, the term ſemi- metal expreſſes a very hy- 
pothetical opinion reſpecting the nature and formation of me- 
tals. 2 

Metals, conſidered with reſpe& to their ductility, may be 
arranged in the. following order. Gold is the moſt malleable, 
and 1s ſucceeded in order by filver, copper, iron, tin, and lead: 
The ſemi-metals have been conſidered as poſſeſſing no ductility. 
We ſhall, however, ſee, that this property exiſts, in a certain 
degree, in zinc and mercury. As to tenacity, gold poſſeſſes it 
in the higheſt degree, and is ſucceeded by iron, copper, ſilver, 
tin, and lead. The tenacity of platina is not well known. 
| Metallic ſubſtances are ſuſceptible of a regular figure, either 
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naturally, or by art. Naturaliſts have long acknowledged this 
property in native biſmuth, virgin filver, and ſome other 
metals. The alchemiſts have carefully obſerved the - ramig. 
ed, or ſtellated figures, which are formed at the ſurface, of 
antimony, and biſmuth. Baume, in his Chemiſtry, affirms, 
that metallic matters, after being well fuſed, aſſume a ſymme. 
trical arrangement, by gradual cooling, &c. The Abbe Mon. 
gez, who accompanied La Peyrouſe in his voyage round the 
world, has made a continued ſeries of experiments on the cry. 
ſtallization of all metallic ſubſtances. Brongniart, lecturer of 
chemiſtry at the botanic garden, has likewiſe made experi. 
ments relative to this inquiry, which have been repeated by 
many. chemiſts, The general reſult is, that all metals are cap. 
able of cryſtallizing, and that though many of them apparently 
differ, yet the greateſt number preſents the ſame octahedral 
form; with ſome modifications. 

Certain metallic matters have a ſenſible taſte and ſmell, as 
arſenic, lead, antimony, copper, tin, and iron, Theſe proper- 
ties are conſtantly obſerved in ſach metallic ſubſtances as are 
moſt ſubje& to change. They ſometimes exiſt in ſo eminent 

a degree, as to be capable of corroding, and entirely deſtroying 
the organs of animals *. | 


II. The Natural Hiftory of Metallic Subfances. 


Metallic ſubſtances exiſt in the earth in four different ſtates : 
the firit is that of virgin, or native metal; that is to ſay, pol- 
ſeſſed of all its properties. Gold is always found in this ſtate; 
filver, copper, mercury, biſmuth, and arſenic, often ; but iron 
ſeldom : and lead, zinc, antimony, &c. till more rarely. 

The ſecond ſtate in which metallic ſubſtances are found, is 
that of oxyds or calces, that is to ſay, without the metallic aſ- 
pect, and rather reſembling ochres, or earthy ſubſtances, Cop» 
per 1s often found in the ſtate of green or blue oxyd ; iron in 
that of a yellow, red, or brown oxyd ; lead, in the ſtate of a 
white, grey, or reddiſh oxyd; zinc in the ſtate of calamine; 
cobalt in red flowers ; arſenic in a white oxyd, &c. 

The third natural ſtate, and the moſt common in which me- 
tals are found, conſtitutes ores, or mineralized metals, The 
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metallic ſubſtance i is found combined with a combuſtible mat- 
ter, which deprives it of its metallic properties, and requires 
to be ſeparated before thoſe properties can be again manifeſted. 
This matter, which is called the mineraliaer, is either ſulphur, 
or ſome metal. Some chemiſts even affirm that ſulphur is the 
moſt common mineralizer, It is united to filver in the vitre- 

ous ore of ſilver; ores of copper almoſt almays contain much 
ſulphur; iron is combined with this mineral in the martial py- 
rites, lead in the galena, mercury in cinnabar, zinc in blend ; 
and laſtly, it is ſometimes united with biſmuth, and often with 
arſenic. 

It is proper to obſerve, that metals have not all the fas af 
finity with ſulphur. There are ſome metals which contain 
large quantities, and readily part with it, their metallic ſtate 
appearing ſcarcely altered; ſuch are copper, lead, and antimo- 
ny. Others contain it in very ſmall quantities, but ſtrongly 
adherent, and caufing almoſt all the metallic qualities to 2 
pear ; as is obſervable in cinnabar. 

Metals are occaſionally found alloyed with other * but 
arſenic is the moſt uſual mineralizer. Iron, tin, and cobalt, 
are frequently united to arſenic, Sometimes the metal is com- 
bined both with arſenic and with ſulphur, as in the red ore of 
antimony, and the red filver ore. Laſtly, There are metallic 
ores compoſed of ſeveral metals and ſeveral mineralizers ; ſuch 
as the grey copper ore, the grey filver ore, and ſome others. 

The fourth ſtate in which metals are found, is in combina- 
tion with ſaline ſubſtances, almoſt always acids. The ſulphu- 
ric acid is moſt frequently found combined with metals; as 
for example, the oxyds of zinc, lead, copper, and iron, are 


often in the ſtate of ſulphats. The carbonic acid is likewiſe a 


common mineralizer ; and the muriatic, arſenic, and phoſpho. 
ric acids have likewiſe been diſcovered in minerals within the 
laſt few years. 


Metallic ſubſtances are much leſs aburidant than ſtoney mat- 


ters; they are formed in mountains in veins or clefts, which 


interſect the ſtrata of earths and ſtones with various degrees of 


þ obliquity. This is the moſt uſual ſtate of mineralized metals; 


ſuch as are in the ſtate of oxyds, or of ſalts, are often found in 
maſſes depoſited by water, and ſometimes cryſtallized, Me- 
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tale orey are alfo found in large ivregular maſſbs-; in thi 
cafe, their formation ariſes from peculiar cauſes. | 
Tue metalffe veins are accompanied with ſtoney matterg 
whick ſeem to have beer: formed at the fame time. The 
ſtones are uſually quartz and ſpar. They form two leyerss 
the layer on which the ore is placed is called the d or fox 
of the mine; the other which covers it is eatled the ro Stony 
conſtitute what is called the gangue or matyix'of the ore, and 
muff not be confounded with the mineraliter; for this laſt is 
combined with the metal, fo as not to be ſeparated bur by che 
mical methods; whereas the gangue may be ſeparated by ms 
chanical' means. Neither muſt the gangue, which is formed of 
eryſtallized ſtones, be confounded with the rock which form 
the maſs of the mountain wherein the metallic veins are form- 
ef; The veins are divided into rich, or poor; large, or ſmall; 
ſkraight, or erooked; continued; or interrup ter. 
Metallie ſubſtances appear to be all formed by water. The 
greater part, in fact, are found cryſtallized; or mixed with 
fabſtances incapable of ſuſtaining the action of fire without 
change; as calcareous' ſtones and ſulphur, Bodies are likes 
wiſe found among them which have the animal or vegetable 
organization; a certain proof that they have not paſſed the 
fre, There may, perhaps, exiſt certain ores, whoſe formation 
may be attributed to fire; as for example, the ſpecular iro 


ore of Mont d'Or in Auvergne, and that of the Iſle of Elba 


but theſe inſtances are rare. 
Gres are more commonly found in mountains than in plains; 
and almoſt always in ſuch mountains as form continued chains, 


It is obſerved that tlie plants which grow on the ſurface of me- 


talliferons mountains, are dry; the trees are ſinuous, and de- 
formed; ſnow melts almoſt immediately when it falls in theſs 
regions, and the ſands often exhibit merallic colours. Mineral 
metallic ſprings are found in the vicinity; by the examins 
tion of wh ch, and of the ſands over which they flow, good in- 
dications of the metallic matters in the neighbourhood may be 
obtamed. When metallic veins appear at the ſarface of the 
earth, the ground may be broken into with probability of ad- 
vantage, and the boring inſtrument bringing up the ſobſtance# 
which compoſe the internal parts of the mountain, . together 
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#ith the metallic mineral fubſtance, ſerves td ſow tHe nature 
of that ſubſtance, as well as the reliſfabics which mi be ci. 


, pected in digging. 
n III. The Art of 22 Orei,'s or Dick... 


5 When a bertain quantity of any ore his been extralzed, it is 
neceſſary to make an aſſay, that its nature and produce may be 
known. Theſe aſſays form otie of the inòſt important parts of 
chemiſtry, which we term the dotimaſtit art. They require to 
be varied according to the nature of the ore under examina- 
uon; though there are certain general principles to be follow. 
ed in all affays. | 
Specimens of tv ore are to be taken from the richeſt, the 
WT pooreſt, and that which is of 4 middle quality. This precau- 
W tion is very neceffary ; becauſe if the aſſay were made with 
| rich ſpecimen, it might excite too flattering expeQations ; or 
it with a very poor one, it might produce diſcouragement. The 
WF ores being finely powdered, muſt afterwards be thoroughly 
© waſhed with water, which carries off the pulverized gangue, 
WT while the more ponderous mineral remains at the bottom of 
me veſſel. The waſhed ore muſt then be carefully roaſted, in 
order to drive off, by ſublimation, as large « quantity as poſ-- 
io WW ſible of the mineralizer. The roaſting ought to be performed 
or in a ſmall ſhallow earthen diſh, covered with a veſſel of the 
name kind. This precaution is neceſſary, becauſe certaiti ores 
WT decrepitate in the fire, and would fly out of the capſule in 
= which they are roaſted, and by that means render the reſult 
IJ uncertain. As the roaſting made in the open air uſually leaves 
2 AEN the ſtate of an oxyd, and may even diſſipate « part, 
if it be of a volatile nature; we prefer the roaſting of ores in 
Wan earthen retort. This operation, although more tedious and 
” difficult, has the advantage of exhibiting the nature and pro- 
perty of the mineralizer, and of afforditig a much more accu» 
rte analyſis of the mineral. When the ore has been kept we 
+ hot for d certain time, and no longer emits any vapour, the 
WT roaſting is finiſhed. - The ore being weighed” before and after 
te waſhing, determines the quantity of the gangue ; a ſecond: 
Vaesghing after the roaſtitig, ſhows how much ir loſes by char 
1 operation. 
. 
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The roaſted ore muſt then be fuſed. For this purpofs; it is 
mixed with three parts of black flux, and a ſmall quantity of 
decrepitated muriat of ſoda, and put into a crucible cloſed 
with its cover, and placed in a good melting furnace, The a. 
kali of the black flux fuſes the metal, and abſorbs the portion 
of mineralizer which remains in the ore. The coal of the tar. 
tar which exiſts in the black flux ſerves to reduce the oxyd of 
the metal, by abſorbing its oxygen. The muriat of ſodz 
prevents the mixture from ſuffering any loſs during the fuſion, 
becauſe that ſalt, being lighter than.the other matters, occy. 
pies the upper part of the crucible, and covers the mixture, 
The fuſion being performed, the crucible muſt be ſuffered t 
cool very gradually. When the fuſion has been properly made, 
the metal is found in a ſingle button with a convex ſurface, and 
no metallic grains are diſcovered in the. ſcoriz z the ſcoriz 
themſelves being vitreous, compact, and uniform, eovered with 
a bed of common ſalt melted into a ſolid maſs, The metallic 
button muſt be accurately weighed, and ſhows the proportion 
of metal contained in the ore. 

Some ores, are harder, and more 8 ; to theſe mul 
be added, a larger quantity of the moſt active fluxes, ſuch u 
borax, pounded. glaſs, fixed alkalis, &c. It frequently bap- 
pens, that the'ſame mineral-contains the perfect metals mixed 
with the imperfe& ; theſe are ſeparated by heating the metal- 
lie button with contact of air. The imperfe& metal is diſſipated 
by oxydation, and leaves the perfe& metal in a ſtate of purity, 
This operation is generally termed nage, or refining. The 
perfect metal almoſt always conſiſts of gold and filver mixel 
together. Theſe are ſeparated by diſſolving the ſilver in 
menſtruum, which does not act upon the gold, the operation 
being called parting. The reſidues of all theſe . mult 
be weighed with the aſſay balance. 

Theſe proceſſes, accurate as they may ſeem, are ofter- le 
uſeful to thoſe who undertake to work mines than an mY leß 

carefully conducted would be; becauſe, in the large way, nel 
ther the ſame expenſive materials are uſed, nor the ſame ml- 
nute accuracy obferved. It is therefore proper to attempt 
fuſe the ore among the coals of a melting furnace. The cha. 
coal reduces the metallic oxyd ; and the fixed alkali produced 


2 


MEfALLIe"SUpSTANCes.” - 179 


jn the combuſtion of the charcoal, abſorbs a portion of the mis. 
neralizing ſubſtance. It is ſometimes neceſſary to add 'a ſmall 
quantity of iron filings or fcoriz, or glaſs gall, to mann the 
fuſion of the more retraQory ores. | 1 
There is likewiſe a method of aſſaying in the kuthid way, 
which may be pra@iſed when it is required to know what me- 
tals are contained'in ſpecimens intended to be preſerved in ea- 
binets of natural hiſtory, A ſmall piece of the ore is taken, 
which is digeſted in acids, that diſſolve the metal; and ſeparate 
the mineralizer; the falt produced by the union of the metal 
to the acid, ſhows the quality of the metal: but this kind of 
2 is not applicable to every ore, becauſe they are not all 
ble of being attacked by acids. Bergman las written a 
ar valuable differtation on this method of . TD which: 
may be conſulted * f 


I. ce eee eee wh nh Mat in the 
Þ GAY large Way, or Metallurgy - 

When by the aſſay of an ore it is aſcertained that it is worth 
working, the operation is conducted in the following manner : 
A ſquare perpendicular well, or cavity, is dug in the earth, of 
ſufficient magnitude to contain ladders, by means of which the 
workmen may deſcend and aſcend. ' Over this is uſually erect- 
ed ſome fimple apparatus for drawing up veſlels loaded with 
the mineral ; and ſometimes pumps are erected to draw up the 
water which may iſſue from the earth into the cavity. If the 
ore is too deep for one ſingle well, or ſhaft, to lead to the floor 
of the vein, a horizontal drift is dug, at the end of which a'new - 
| ſhaft is ſunk ; and this is done 3 _ the works are 
carried to the required depth. 

If the rock in which theſe operations are carried on be very 
hard, it will not be neceſſary to ſupport it; but if it be erumb- 
ly, as when the work is carried on through earths, the drifts / 
muſt be properly tapported; and the ſhafts laed wil planking 
properly fixed. 

lt is of great conſequence to renew the air in mines: When 
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it is practicable to open an adit from the bottom of a ſhaft, ſo 
as to communicate herizontally with the plane below, a current 
of air is eaſily produced; but where this cannot be done, 3 
new ſhaft is ſunk, ſo as to communicate with the end of the 
gallery, fartheſt from the original ſhaft. . When one of theſe 
two ſhafts is lower than the other, the air circulates readily, 
but if both open at the fame level above, no current of air will 
be produced, In this laſt caſe, a fire is lighted in a furnace at 
the mouth of one of the ſhafts, and the air being rariſied by the 
Heat, paſſes through the combuſtible matters, and is continual. 
ly renewed in the gallery. 

Water is likewife productive of great inconvenience in mines 
If it iſſues by a little at a time from the earths, the miners at. 
tempt to convey it to ſome lower ground, or to the neareſt ri. 

ver, by a ſloping drift. If it is collected in larger quantities, 
pumps ate uſed to draw it off. It ſometimes happens, in pier. 
cing the rock, that a prodigious quantity of water, capable of 
filling all the drifts, iſſues out in an inſtant. The workmen are 
aware of this, by the particular kind of noiſe produced, in 
ſtriking their inſtruments againſt the rock. In this caſe, they 
conſtruct a door, or gate, in, one of the galleries ; a workman 
breaks the rock to give vent to the water, and quickly retires, 
ſhutting the door after him; by which means, he has time to 
eſcape before the water gains too much. 

Vapours of carbonic acid, and hydrogen gas; : are often diſen- 
gaged, or formed in mines, by the re- action of mineral and me- 
tallic matters on each other. The fires which the workmen 
are obliged to light for the purpoſe of ſoftening or ſplitting the 
rock, favour the diſengagement of thefe gaſes ; whoſe danger- 
ous effects can only be — by rapid currents of air, ot 
by detonation. 

The ore extracted from the earth is pounded, waſhed, roaſt- 
ed, ſmelted, and refined, The ore is in ſome caſes pounded 
under large peſtles, moved by water ; and the pounded ore is 
waſhed on inclined planes or tables, by the current of water 
which carries off the gangue. Ores that contain much ſulphur 
muſt be roaſted in the open air; ſuch as contain but little, may 
be roaſted in the furnaces, which afterwards ſerve to fuſe them. 
Some ores are fuſible alone; others require to be melted in 
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contat with charcoal, and with different fluxes. The melting 
farnaces vary in different countries, and according to the na- 
ture of the ore. The refining furnaces do not eſſentially differ 
from thoſe uſed in melting ; and ſometimes the ſame furnace 
ſerves for both operations, When the metals have been redu- 
ced in this manner, they almoſt always conſiſt of ſeveral united 
together. The methods of ſeparating them are entirely che- 
mical, and will be ſpoken of when we come to treat of” exck 
metal individually. ' 


v. Concerning the Chemical Properties of Metallic Subſlances. 

All the chemical properties of metallic ſubſtances ſeem to 
prove, that they are ample, and not decompoſable. The changes 
they are ſubject to by the act ion of heat, air, and ſaline ſub- 
ſtances, always ariſe, as we ſhall ſee, from combinations ; none 
of theſe changes reſembling an analyſis, as we ſhall prove by a 
particular explanation of the phenomena which dt 
them. 

Light appears to alter the colour and the brilliancy of ae 
metallic ſubſtances. Though well cloſed in tranſparent veſſels, 
they become tarniſhed by a change of colour, which gradually 
increaſes till the metallic brilliancy no longer remains. This 
kind of alteration has not been obſerved to any farther ex- 
tent, 

Heat only produces certain changes of aggregation, with va- 
rious degrees of facility in each. All metallic ſubſtances heat- 
ed in well cloſed veſſels become fluid, or melt; ſome long be- 
fore the red heat, others at the inſtant of ignition; and others 
long after. No two metals perfectly agree in fuſibility. If 


they be ſuffered to cool gradually, after having been melted, 


they cryſtallize. If the fire be greatly urged,' they boil after 
the manner of fluids, and are reduced into vapours, Theſe 
properties have long been known in mercury; many gold- 
ſmiths have aſſured me that they have obſerved gold and filver 
to boil when in fuſion, Buffon obſerved, that when plates of 
ilver are expoſed to the focus of a large concave mirror, a 
white fume is emitted from their ſurface. Macquer and La- 
voifier, having ' placed cuppelled filver in the focus of the lens 


of Tſchirnhauſen, obſerved, that this metal exhales in the form 
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of ſmoke, A plate of gold expoſed to this fume was perſedly 
ſilvered. Gold placed in the ſame focus likewiſe emitted fumes, 
which perfectly gilded a plate of ſilver expoſed to them. Thy 
chimneys, of goldſmiths and aſſayers are filled with fumes df 
gold and filver. Copper, tin, lead, zink, antimony, biſmyth, 
and arſenic, are volatilized with conſiderable facility. 

All melted metals appear convex on their ſurface, and form 
perfect ſpheres: when their quantity is ſmall. This effect de. 
pends on the force of aggregation, which oanſes the metallic 
parts to approach each other, and likewiſe on their ſmall ten. 
dency to combine with the body which ſupparts them. This 


property is general in all fluids, and may be obſerved in oi, 


ſurrounded with water, or water ſurrounded by any fat ſab. 

Metals expoſed to the action of fire with contact of air, are 
very ſenſibly altered; but the time required to produce tho 
alterations is exceedingly different in the ſeveral metals. Such 
as are not ſenſibly changed, are called perfect metals; and ſuch 
as are entirely deprived of their metallic properties by this 
proceſs, are called imperfe# metals. This change, to which 
metallic ſubſtances are liable, is called oxydation, and is a true 
combuſtion ; which cannot be performed without the accels of 
air, and when performed in a certain quantity of air, cannot be 


continued, unleſs that air be occaſionally renewed. The air in 


which metals have been burned becomes mephitic. The com- 
buſtion of metallic ſubſtances is accompanied with a flame more 
or leſs ſtrong, which is very ſenſible in zink, arſenic ,iron, gold 
filver ; and even in lead, tin, and antimony, when. ſtrongly 
heated. Metals in a more eminent degree loſe their metallic 
properties, the longer they are expoſed to heat in contact with air, 
Some approach in their characters to earthy matters, in which 
ſtate they have been called metallic earths or calces. The name 
of metallic oxyds ought to be preferred to this laſt term, becaule 
it is now aſcertained that thoſe burned metals are not earths, a 
was till within a few years paſt believed, but combinations with 
oxygen. Metallic oxyds do not retain the brilliancy and ful 
bility they poſſeſſed when in the form of metals, and have n0 
affinity with metals, not excepting even the ſpecies from which 
they were made. When urged by fire, they are either volati 
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lized, or flow into glaſs, which is the more tranſparent and 
refractory, the more perfect the oxydation. Metallic oxyds or 
glaſſes unite with ſaline and earthy matters. Several of them 
have the ſaline character. Arſenic, well oxydated, becomes a 
peculiar acid, whoſe properties have been examined by Scheele 
and Bergman. Rouelle has informed us, that the — of an- 
timony, like that of arſenic, is ſoluble in water.. 

Some metallic oxyds, expoſed to the action of heat, are re- 
duced to the metallic form, affording at the ſame time an aeri- 
form fluid, which is pure vital air. We are indebted to Bayen 
for the firſt information reſpecting this ſubject. He obſerved, 
that the oxyds of mercury heated in cloſe veſſels give out 
much air, and are reduced into running mercury. Dr. Prieſt- 
ley having examined this air, perceived that it was much purer 
than the air of the atmoſphere ; and from this diſcovery it is, 
that we may date the epocha of the commencement of that ac. 
curate knowledge we at preſent poſſeſs, reſpecting the calcina- 
tion of metals. Let us take a ſhort review of the phenomena 
of this calcination : A metal never becomes calcined, but 
when in contact with air; the more extenſive this contact, the 
larger is the quantity of metal which becomes calcined. A 
given quantity of air can ſerve for the calcination of no more 
than a given quantity of metal, as Lavoifier has ingeniouſly 
proved by calcining lead with a reflecting mirror in a glafs 
veſſel, containing a known bulk of air. The metal, during its 
calcination, abſorbs a portion of the air which ſurrounds it, 
as is proved by the aſcent of the mercury during the proceſs, 
The increaſe of weight acquired by the metallic oxyds is ow- 
ing to this portion of air abſorbed during calcination ; for 
when it is extracted from the oxyds of mercury, they loſe the 
excels of weight in their return to the metallic ſtate ; and this 
exceſs is accurately found in the air they afford by diſtillation; 
From all theſe phenomena, it appears to be demonſtrated; that 
calcination is merely the combination of the metal with the 
baſe of pure air or oxygen contained in the atmoſphere, This 
combination is often made by the ſimple contact of air and of 
water, in metals which calcine or ruit. The neceſſity of heat- 
ing moſt metals, in order to oxydate them, ariſes from the 
orce of aftinity or combination being increafed-in the ſame 
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proportion ap tbe force of aggregation is diminiſbed, when, 
dhe change intended jo be effected is greatly promoted. Hey, 
therefore, jn this operation, as in many others, is anly an ae 
£eſſary. The git, whigh. has ſeryed the purpoſe of calcinatia, 
cannot maintain. combuſtion, begauſe it is deprived of that por. 
tion of pute or vital air which it contained, and which aloy 
is capable of maintaining combuſtion and life. The greatet 
the quantity of pure air contained in the atmoſphere, the better 
adapted jt is to oxydats a given quantity af metal in ſhore 
time. I have offep obſerved, that a muęb greater quantity i 
the oxyd of lead, biſmyth, &. may be obtained by plunging 
theſe melted metals into 2 veſſel filled with vital air, tha 
would haye been produced in the ſame time in the open air, 
All theſe fats, and pany otbers, which will be found in the 
particular biſtory of each metal, are well calculated to prong 
that a metallic oxyd is merely a chemical combination of me. 
tal and oxygen; that calcination is fimply the act in which thi 
combination takes place ; and chat the air of the aachen i 
degompoſed during the proceſs, 

The reduction of metallic oxydy, by the addition of con- 
buſtible matters, likewiſe elugidates, and greatly tends to cots 
firm, this theory. Wben an oxyd is to be reduced to the we 
tallic tate, it is often neceſſary to heat it in clofe veſſels, with 


_ fome combuſtible matter, as greaſe, oil, charcoal, &c. In il 


theſe caſes the metallic oxyd is decompoſed, by depriving it d 
the oxygen which produced the galciform ſtate. This open. 
tion may be explained, by obſerving, 1. That metals are nt 
the moſt combuſtible ſubſtances in nature, or. which is the 
ſame thing, their affinity with oxygen is not the greateſt pol. 
fible. 2. That combuſtible animal, or vegetable ſubſtances 


| have a ſtronger affinity with oxygen than metallic ſubſtance 


have. 3. That, conſequently, when a metallic oxyd is redu- 
ced by the addition of charcoal, the latter being more com- 
buſtible than the metal, or having a ſtronger affinity with 0zy- 
gen, ſeizes it, and decompoſes the metallic oxyd, which con- 
ſequently paſſes to the metallic ſtate. Theſe operations, there 
fore, do not ſucceed well but in cloſed veſſels, becauſe the com- 
buſtible matter, being excluded from the contact of air, en 
only burn by the aſſiſtance of that of the oxygen of the oxy6 


r A = 7H ﬀuYS © 3 


* wy ww Ht 2 


METALLIC sussraxezs. 185 


Hence, alſo, the portion of the pure carbon which ſeizes the 
dangenct the metalic'n3d, is found to he converted into car 
denise acid aſter cho-reduRion.” While we are explaining” the 
hiſtory of metallic calcination according to the modern tiieory, 
we muſt not farget to mention the doftrine of Stahl, which-was 


reſpecting air and combuſtion, Stahl confidered metallic fub- 
dances as compounds of peculiar: earths and phlagiſton. Cal. 
cination, according to bim, eonſiſts in the difengagement of 
nere 
principle they loſt during their calcination.  Fhis theory, we 
may obſerve, is abſalutely contrary -to that of the moderas, 
as it holds metals to he compound fubſtances, whale. the pneu- 


they loſe a prineiple in their calcination ; and the modern'doc- 
trine proves, that during this operation they combine with a 
new ſubſtance, Laſtly, This great chemiſt imagined, that dur- 
ing reduction, the metallic calces reſumed the phlogiſton they 
had loſt by the action of fire; and the moderns, on the con- 
trary, have proved, that reduction is nothing more than the 
ſeparation of os oxygen SI opal with n —_ 
calcination. | 

After this flight compariſon of the t diols let us en- 
deayour to aſcertain which is ſup by the greateſt num. 
ber of facts. Stahl is entirely taken up in attempting to prove 
the exiſtence of phlogiſton in metals, hut ſeems to have for- 
gotten the influence of air in calcination: nevertheleſs, Becche rj 
John Rey, Boyle, and ſeveral other chemiſts; fuſpe&ed; be- 


fore him, that the principal circuniſtance depended upon that 


element. The theory of Stahl, however fatisfaQtory it may 
have appeared before the time af the modern diſcoveries con- 
cerning air, could not therefore agree with all the facts which 
demonſtrate the neceſſity and action of that fluid in caleination. 
And we accordingly, obſerve many phenomena not explicable, 
by that theory, and even contradictory to it. Such, for en- 
ample, is the increaſed weight of metallic oxyds, beyond that 
of the metals before their calcination. We can never form any 
conception, how a body. can become heavier by loſing one of 
ts conſtituent parts; and as weight is one of the properties 
L 


almoſt univerſally adopted till the time of the lateſt difcoperiey 


matic theory conſiders them as ſimple. According to Stahl, 
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by. which the preſence of matter is proved, the ingenious ex. 
planation, given by Morveau, in his diſſertation on Phlogiſto, 
relative to this phenomenon, cannot be admitted as entirely fa. 
tisfactory; more eſpecially ſince the exiſtence of air in metal. 
lic oxyds has been proved. From theſe facts it therefore ap. 
pears, that the pneumatic theory has great advantages oyer 
that of Stahl. Yet Macquer, guided by- that philoſophical 
caution, which cannot be too ſtrongly recommended to eyery 
cultivator of ſcience, has thought proper to connect the mo. 
dern diſcoveries with the doctrine of phlogiſton, and was even 
of opinion that they tended to confirm that doctrine. Ac. 
cording to this celebrated chemiſt, metals cannot loſe their 
phlogiſton, and become calcined, but in proportion as the pure 
air of the atmoſphere precipitates, and becomes united to them, 
diſengaging, at the ſame time, the light they contain ; and, on 
the contrary, they are not reducible, until light, aſſiſted by 
heat, ſeparates the pure air, and takes its place: ſo that theſe 
two bodies are mutually precipitated by each other. But 2 
no one has proved the identity of light, and that which Stall 
called phlogiſton, nor the exiſtence of light in combuſtible bo- 
dies, the opinion of Macquer is purely an hypotheſis, which 
may be entirely paſſed over, and which it is no n allowed 
to admit. 

As it is clearly demonſtrated, at preſent, that metallic oxyd: 
are compounds of metals and oxygen, it becomes an important 
ſubje& af inquiry, to aſcertain the various elective attractions, 
which exiſt between this principle and metallic ſubſtances. La. 
voiſier has already made ſome progreſs in this intereſting re- 
ſearch ; but experiments have not yet been ſufficiently mul- 
tiplied, and the accuracy of their reſult is not well enough 
aſcertained, to allow of our _— into the ſubje& at full 
length. 

Metallic ſubſtances are changed by expoſure to the air, their 
ſurface being tarniſhed, and ſome of them hecoming covered 
with ruſt. Chemiſts now conſider ruſt as a metallic oxyd. 
We hall have frequent occafion to re-conſider this ſubject, and 
to ſhow, that the vapour of water oxydates many metals, and 
that the carbonic acid of the atmoſphere unites with them at- 


ter calcination. 
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Water diſſolves ſome metals, and has no action on others. 
In the vaporous form, it fingularly favours the production of 
ruſt, in ſuch metals as are ſuſceptible of that modification. 
The recent diſcoveries of Lavoifier have ſhown, that it oxy- 
dates with great facility ſuch metals as are moſt combuſtible, 
as for example, Zink and iron; and that it is itſelf decompoſed 
into oxygen, which unites to the metals and hydrogen which 
is diſengaged, in combination with a great quantity of caloric, 
and conſequently under the form of a very light gas. 

Earthy matters do not appear to act on metallic ſubſtances 3 
but they unite, by fuſion, with their oxyds. | 

The action of the ſalino-terreſtrial ſubſtances on the . 
is not known, 

Alkalis diſſolve certain metals, though 2 at but feebly 
on moſt of them. The water which is always united to al- 
kalis, appears to contribute * to the oxydation they pro- 
duce in many metals. 

Acids act ſtrongly on metals, and diſſolve them with vari- 
ous degrees of facility, The ſulphuric acid produces either 


hydrogen gas, or ſulphureous gas, accordingly as it is united 


to water, or concentrated. In the firſt cafe, the water is de- 
compoſed, and affording its oxygenous principle to the metal, 
produces hydrogen gas: In the ſecond, the acid itſelf is decom- 
poſed ; and its oxygenous principle becoming partly fixed in 
the metallic ſubſtances, leaves the ſulphur ſtill united with a 
portion of that principle, and conſequently in the ſtate of ſul- 
phureous gas. The ſulphuric acid, ſaturated with metallic 
oxyds, in either circumſtance forms ſulphats, formerly termed 
vitriols, which, when cryſtallized, muſt be confidered as com- 
pounds of four bodies; namely, metal, oxygen, ſulphuric acid, 
and water. Theſe metallic ſalphats are variouſly coloured, 
cryſtallizable, ſoluble in water, decompoſable by heat, by vital 
air, whoſe oxygen they abſorb, by alkalis, which ſeparate the 
metallic oxyds, &c. 

The nitric acid appears to act on metals with more rapidity 
than the ſulphuric, though it in general adheres to them much 
more lightly, A large quantity of nitrous gas is diſengaged 
during its action on theſe ſubſtances ; the metal is more or 
leſs oxydated, and either falls down, or remains united to the 
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acid. Stahl attributed this effect to the diſengagement of the 
phlogiſton of metals. The modern chemiſts, at preſent, think 
it is produced by the decompoſition of the nitric acid, and the 
ion of a portion of the oxygen with the azot, which 
they conſider as the two prineiples of this acid. Nitric me. 
tallic ſolutions, or metallic nitrats, are more or leſs cryſtalliz, 
able and decompoſable by heat, by air, and by water. Alk. 
lis ſeparate the metallic oxyds. The nitric, as well as the ful. 
phuric acid, has various degrees of attraction for the different 
metals, Prouſt has diſcovered, that ſeveral metallic ſubſtance 
take fire by the contact of this acid. 

The muriatic acid, in general, acts with very little energy 
on metals, The water with which it is united, oxydates then, 
and diſengages hydrogen gas. The muriatic ſolutions of metals, 
are in general more permanent, and more difficultly decom. 
poſed by heat, than thoſe which are made in the ſulphuric ot 
nitric acids. Some afford cryſtals by heat; but in genen 
they do not cryſtallize without difficulty, The muriatic acid 
has a ſtronger affinity, than the ſulphuric or nitric, with ſe 
veral metallic ſubſtances, and decompoſes ſolutions in the ſul 
phuric and nitric acids. The metallic muriats, or combina. 
tions of metals with the marine acid, are many of them vo. 
latile. t þ 

The oxygenated muriatic acid, oxydates moſt metals with 


| the greateſt facility, by means of the exceſs of the oxygen it 


contains, and which is not ſtrongly united with it. It diſſolve 
them without efferveſcence, in the ſame manner as water dif- 
folves ſalt. n 

The carbonic acid acts weakly on metals, though it is ca. 
pable of combining with moſt of them, as Bergman has ſhows, 
Combinations of metals with this acid are often found in n+ 
ture; they are ſometimes cryſtallized, and are known by the 
name of ſpathoſe ores, of which iron and lead are inſtaness, 
but we ſhall deſignate them like the other ſalts formed by thi 
qeid, by the names of earbonats of iron, lead, &c. 

The fluoric and boracic acids, likewiſe unite with metals 
but the compounds they form are little known, 
Among the various combinations of metals with 0 four 
are capable of oryſtallizing, while others aſſume no reguln 
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borm. Some are decompoſed by fire, and others, on the con- 
trary, are not at all changed by that agent. The greater num« 
© ber are changed from expoſure to air by abſorbing its oxygen. 
All are more or leſs ſoluble in water, and may be, for the moſt 
part, decompoſed by that fluid, as Macquer obſerved. All are 
| ipitated by alumine, barytes, magneſia, lime, and d 
Vnich have a ſtronger affinity with acids. 

= When certain metals, which have a ſtronger affinity with 
aids than others, are uſed to ſeparate the latter from their 
@ acid ſolutions, the ptecipitated metals re- appear with the me- 
T tallic form and brilliancy, becauſe the oxygen, which was unit- 
dd to them in their ſtate of ſolution, is ſeparated, and becomes 
combined with the precipitant, which becomes diſſolved in the 
iS :cid in its turn. For this reaſon, Lavoiſier conſiders the pre- 
Cipitations of metals by each other, as effects of their ſeveral 

affinities with the oxygenous principle. 

Neutral ſalts are very little changed by the Aion of motels 
in the humid way; but if a mixture of theſe ſalts with metals 
© be ſtrongly heated, many of them are decompoſed. Several 
@ ſulphuric ſalts form ſulphur in theſe circumſtances. Monnet 
© is the only chemiſt who has mentioned this decompoſition with 
T antimony. In a ſeries of experiments relative to this inquiry, 
© 1 have diſcoyeted ſeveral other metals, ſuch as iron, zink, &c. 
& which decompoſe ſulphat of potaſh, &c. 

Nitre detonates with moſt metallic fubſtances, and oxydates | 
them more ar leſs. This phenomenon depends on the greater 
affinity of oxygen with many of theſe ſubſtances, than it has' 
with azot. Metals oxydated by this falt, are called metallic 
oxyds by nitre, The alkaline baſe of this ſalt often diſſolves 
part of theſe metallic oxyds. 

Muoriat of ammoniac is decompoſed by many dats. and 
dy the oxyds of moſt metallic ſubſtances. Bucquet, who made 
many experiments relative to this ſubje&, has obſerved, that 
all metals, on which the niuriatic acid is capable of acting ww 
mediately, are capable of completely decompoſing muriat of 
ammoniae ; that hydrogen gas is diſengaged during theſe de- 
compoſitions ; and that they do not take place in the ſame 

manner, with ſuch metals as are not ſoluble in the ordinary 
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muriatic acid. The ammoniac, obtained by that 1 
tions, is always very cauſtic and pure. 

Almoſt all mineral combuſtible bodies unite eaſily with 
metals. Hydrogen gas gives them a deeper colour, and te, 
duces ſome of their oxyds, becauſe it has a Rronger affinity 
with oxygen, as is proved by ſeveral very ingenious - experi. 
ments of Dr. Prieſtley. © Theſe reductions of metallic oxyds by 
hydrogen gas, are accompanied with the production of a cer. 
tain quantity of water, formed by the combination of this gy 
with the oxygen diſengaged from the oxyd. 

Sulphur unites with moſt metals; its' combinations ane 
kind of artificial ores; when they are moiſtened, or expoſe 
to a moiſt air, they become gradually vitrilized, or are gra. 
dually changed into metallic ſulphats. The alkaline ſulphures 
diſſolve all the metals. Sulphurated hydrogen gas colours them, 
and decompoſes their oxyds, which it cauſes to reſume the me. 
tallic ſtate, by abſorbing the oxygen they were united to. 

Metals combine with each other with various degrees of fa. 
cllity, and produce alloys, whoſe ref AW ae render 
2 oy uſeful 1 in the arts. 


4 VI. A beten 1 of M -tallic Subflancee. 
2 -The number of 'metallic ſubſtances being conſiderable, ren- 


ders it neceſſary to eſtabliſh an arrangement, or order of claſling 


them, by which ſuch as have ſimilar properties may be placed 
together, and ſuch as differ may be ſeparated. Ductility is 
leading character. Metallic ſubſtances, which are not at al 


ductile, or at leaſt whiich poſſels but a very inconfiderable de- 


gree of ductility, are called Jemi-metals, Thoſe, on the con- 


* trary, which are very ductile, are called m-tals, The ſcml- 


metals are either very brittle under the hammer, or capable 
of a fmall degree of extenſion, which affords another ſub- di- 
viſion of theſe ſubſtances. The metals may likewiſe be ſub- 
divided, with reſpect to the action of fire upon them ln fad, 
fome, when treated with the contact of air, become quickly 
oxydated ; others, on the contrary, treated in the fame nt 
ner, experience no change. The firſt are the imperfef, = 1 1! 
latter the perfect, metals. But as the names of fe 
and of imperfct metals are evidently derived from tue 
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notions of the alchemiſts with regard to theſe ſubſtances; we 
ſhall adopt a different ſubdiviſion founded on the ductility of 
metals and their affinity for oxygen; we divide the 17 known 
metals into fiye ſections; we have not inſerted the uranium 
nor ſome of the other metallic ſubſtances recently announced, 

25 their diſcovery is not yet fully eſtabliſhed. E | 


| | Metallic Subſt are — 
Sxcr. I. Co ; 


| Brittle and acidifiable. _ Mercury. . 
| Arſenic, + | MY Sect. IV. 6 
Tungſten, Eafily ductile and dagegen. 
Molybdena. 1 | 
er ee head, exe 
Brittle and — Tin, 
Cobalt, Iron, 
Biſmuth, 8 Copper. | 
Antimony, Sect. V. 
Nickel, | Very ductile, and not a 
Manganeſe. oxydated.. 
= Sect, III. Silver, : 
Semi- ductile and — Gold, 
able. Platina. 
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a Sce Reaumur Mem. de I Acad. Roy, pour | Ann. 1724, p. 30% Menges Journ. 
47 Phy/. 1780, p. 766. Bergman Opuſc. Vol. II. p. 16. 

d See Jean Rey, Efſais ſur la recherche de la cauſe par laquelle Ictain et le plomb 
eupmentent de poids quand on les calcine, a Batas, 1636. Boyle's Works, new experi- 
ments to make fire and flame ſtable and ponderable. Mayor Oper. Hagæ- Comi- 
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4 For x farther account of the ſatution of metals in acids, fee Ment Trois 


la diſſelutian det metaux. Bergman de precipitatis metallic, Vol. II. p. 349. Lawifer 


la Jifſelution du mercure dan I acide vitrioligue, Mem. de Acad. 1777, p. 324 C. 
ieee, ft bs ute dis wetai dans in cu, Mem. ds I cad, t 
p. 492 & p. 512. 

© We have had already (in page 190 of Volume I.) occaſion to mention th 
emiſſion of light which takes place during the combination , of ſulphur with me. 
tallic bedies. This remarkable phenomenon, firſt obſerved by Scheele, is deſerib. 
ed by him in his Eſſays on Air and Fire. It has been very differently accounted 
for by chemical philoſophers. Deiman, Paets, Van Troottwick, &c. who have 
made many experiments on this ſubject, conſider it as a proof of the occurrence of 
inflammation without the preſence or agency of oxygen, and deduce from it co 
cluſions hoſtile to the French tfeory of combuſtion, doubts having ariſe 
. pr rr chemiſts have been in, 
duced to repeat nem, dut᷑ the reſults which they have obtained tend rather u 
—_— prevail. This experiment has nevet 
been to ſucceed under water, and it has often failed in the hands of (he 
beſt practical chemiſts, though tried in all the circumſtances which are conceived 
to be neceſſary to enſure ſucceſs, It has been alſo ſuggeſted by Richter, that the 
flowers of ſulphur contain water in a concrete ſtate ; and that during the inflan. 
mation of the mixture the water is decompoſed. This ſuppoſition ſeems to te- 
ceive ſome ſupport from the late'e: of Trommſdorff, who found that the 
water employed to waſh the after inflammation gave a Kd colour ts 
tincture of turnſold. Vapeurs appear to be diſengaged, and changes produced in 
the metallie mixture during its inflammation, which have not hitherto' been ti 
amined with ſufficient accuracy. Deiman, Pact, Nc. Crell's Ann. B. II. ſ. $83,398 
Richter Uber die neuern Gi -— 7-1) Tremmſderff Fourn, d Phy, I 
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CHAPTER VI. 
' CONCERNING ARSENIC, AND THE ARSENIC ACID ®, 


AzsExtc may be properly placed the firſt in the arrangement 
of ſemi- metals, becauſe it greatly reſembles falts. Kunckel 
conſidered it as a coagulated aqua-fortis ; Beccher and Stahl 


pable of forming a peculiar acid; and, on the other hand, 
Brandt and Macquer have proved, that it is a true ſemi-metal. 
Arſenic, when poſſeſſed of all its properties, has the characters 
of metallic ſubſtances; it is perfectly opake, ponderous, and 
brilliant. TS 
Arſenic'is often found native, in black heavy maſſes, ſcarce. 
ly brilliant, It has ſometimes the metallic luſtre, and refle&s 
the colours of the rainbow; in its fracture, it appears to be 
more brilliant than at its ſurface, and ſeems compoſed of a great 
number of ſmall ſcales; when theſe ſcales appear external- 
ly, the ſpecimens are called ze/faceous arſenic, or, improperly, 
teſtaceous cobalt; becauſe formerly, when the metallic charac- 
ter of arſenic was unknown, the teſtaceous arſenic was conſi- 
dered as an ore of cobalt, to which appellation the arſenical 
nature of moſt cobalt ores contributed. 

Native arſenic is very eaſily known, when it has the metal. 
tic brilliancy and ſcaly texture; but when it is black, and of 
2 cloſe-grained texture, it is only diſtinguiſhed by its great 
= weight, and total diſſipation on hot coals, in white fumes of a 
S garlic ſmell. This laſt is abundantly found mixed with grey 
& lilver ore at St. Marie-aux-Mines, and is likewiſe found among 
the cobaltic ores. of Saxony, and at Andrarum, in the pro- 
& vince of Schonen in Sweden. | | | 
Arſenic is ſometimes naturally found in the form of a white 
oxyd, of a vitreous appearance, though more commonly in the 


Dr II 


* We give the name of arſenic, to the ſemi-metallic ſubſtance uſually called 


The ſubſtance called white arſenic, is an oxyd of the ſemi · metal. 
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reckoned it a? ſalinel matter: Scheele has proved, that it is ca- 


5 regulus of arſenie; the latter denomination ought to be abandoned as improper. 
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form of flowers, or mixed with certain earths. This oxyd is 
alſo found at St. Marie-aux-Mines, and is known by the white 
fumes, and ſmell of garlic, which it exhales when thrown into 
the fire. | | 

The oxyd of arſenic is often combined with ſulphur, and 
then forms orpiment and rea/gar, or the ſulphurated yellow 
and red oxyds of arſenic. Native orpiment is found in 
yellow, brilliant, and as it were, talcky maſles, often mixed 
with realgar, and ſometimes of a greeniſh colour. Realgar 5 
of a red colour, more or lefs lively and tranſparent, and often 
cryſtallized in brilliant needles. It is found in great quantities 
at Quito, and near Mount Veſuvius. "Theſe two ſubſtance 
appear to differ only in the degree of fire, by which they han 
been combined. 

Mifikel, or arſenical pyrites, is the laſt ore of arſenic, and 
contains that femi-metal combined with iron. Miſpikel is 
ſometimes'cryſtallized in cubes, and is frequently without aty 
regular form. Wallerius calls it white cubic ore of arſenic. 

Arſenic is likewiſe found in the'ores of cobalt, antimony, 
tin, iron, copper, and ſilver. . 

Pure arſenic, likewiſe called regulus 5f arſenic, is of a black 
iſh grey, rellecting the colours of the rainbow. It is very por 
derous and friable. Expoſed to heat in cloſe veſſels, it ſu: 
blimes without decompoſition, being one of the moſt volatile 
among metallic ſubſtances 2. When ſlowly ſublimed, it cryſtal 
lizes into regular tetrahedral figures. 'Arſenie, heated with 

contact of air, becomes very quickly oxydated, and its oxyd 
are diſſipated in the form of white fumes, with a very ſtron; 
ſmell of garlic. The red ore of arſenic burns with a very per. 
ceptible flame, of a blueiſh colour. In this combuſtion, it com 
bines with the baſe of vital air, and forms the compound 
known by the name of *»bite arſenic, or calx of arſenic; and 
by this proceſs it is, that the arſenical 'ores of cobalt affordi 
large quantity of white fames when in the furnace, which art 
condenſed in the chimney, in the form of a white, ſtratifed, 
ponderous, ſemi-vitrified matter, known in commerce by tit 
name of arſenic, This is a true vitreous oxyd of arſenic. 

Oxyd of arſenic differs eſſentially from all other metallc 
oxyds. Its taſte is very ſtrong, and even cauſtic ; and it; 
one of the moſt violent of poiſons, Expoſed to heat ip cl 


Rr 
p . 1 


— —— — — — 4-44. My 


ok 


. r A Nr 
= 


ARSENIC, | 195 


veſſels, it riſes in the form of a white cryſtallized powder, cal- 
led flowwers of arſenic d; if the heat be very ſtrong, a very tranſ- 


5 parent glaſs is produced, capable of cryſtallizing, in the form 


of a tetrahedral ſolid, with truncated angles. This glaſs quick- 
ly tarniſhes in the air. None of the metallic oxyds, excepting 


fuſible, and vitrifiable. Beccher attributed the weight and vo- 
latility of arſenic to a peculiar principle, which he called mer- 
curial, or arſenical earth, the exiſtence of which Stahl was un- 
able to prove. 

Arſenic, in the metallic ſtate, does not act ſenſibly on com- 
buſtible bodies ; but the oxyd of arſenic evidently alters them, 
and at the ſame time reſumes the metallic ſtate. Stahl thought, 
that the phlogiſton loſt by the arſenic in calcination, is reſtor- 
ed by the combuſtible body. The moderns, on the contrary, 
have proved that the oxyd of arſenic is a compound of arſenic 
and oxygen ; and that the combuſtible body, by depriving it 
of this principle, cauſes the arſenic to reſume the metallic 
ſtate, To reduce the oxyd of this ſemi-metal, it is pulveriz- 
ed, and made into a paſte with ſoft ſoap, which is put into a 


W matraſs on a ſand bath. A gentle heat is firſt given, to dry 
dhe oil; and when humid vapours are no longer exhaled, the 
fre is raiſed to ſublime the arſenic, The matraſs being bro- 
ken, is found to contain, in its upper part, a maſs, poſſeſſing 
the metallic brilliancy. Moſt of the coal of the oil remains 
at the bottom of the matraſs*. \ 


Arſenic, expoſed to the air, becomes ſenſibly black. The 


| vitrified oxyd of arſenic loſes its tranſparency, and aflurnes a 
WT milky colour by a kind of effloreſcence. 


Arſenic does not appear to be attacked by water, but its 


oxyds are ſoluble in this menſtruum, in a quantity ſoihewhat 
greater when heated than when cold; the ſolubility of this 
© ſubltance likewiſe varies, accordingly as it has been more or 
leis perſectly oxydated 4. The oxyd of arſenic, by {lowly eva- 

porating its ſolution, affords yellowiſh eryſtals, in in triangular 
byramids. No metallic ſubſtance we are acquainted with, is 
N lo largely ſoluble i in water: in this property, and alſo in its 
long taſte, it reſembles ſaline ſubſtances *. 


Oxyd of arſenic unites with earths by fuſion, becoming fix« 
N ij 


that of arſenic, is volatile without addition. It is alſo very 
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ed with them, and accelerating their vitrifications ; but all th 
glaſſes, into which arſenic enters, have the bad quality of he. 
coming tarniſhed, by the action of the air, in a ſhort time, 
The action of the ſalino-terreſtrial matters on arſenic, or it; 
oxyd, is not known f. Cauſtic fixed alkalis, which have no ſen. 
fible action on arſenic, diſſolve its oxyd very well. Macquer 
in his valuable Memoirs on this ſubject, publiſhed among thoſe 
of the Academy for the year 1946, has obſerved, that when 
the oxyd of arſenic, in powder, is boiled in a ſolution of fil 
nitre, or of cauſtic potaſh, it is diſſolved completely, and fotm 
a brown gelatinous fluid, whoſe confiſtence gradually increaſe, 
This compound, to which he gives the name of liver of arj. 
nic, does not cryſtallize, but becomes hard and brittle ; it 
deliqueſcent and ſoluble in water, which produces ſome brom 


- flakes. When urged by a ſtrong fire, the, arſenic is diſſipated, 


It is decompoſed by acids. Soda exhibits the ſame phenome. 
na; but its ſolution afforded Macquer irregular cryſtals, whole 
general form he found it impoſſible to deſcribe 5. 

The ſulphuric acid, even when concentrated, does not 25 

tack arſenic in the cold; but if it be boiled with this ſemi. 
metal in a retort, much ſulphureous gas comes over, which i 
ſucceeded by a ſmall portion of ſulphur, ,and the arſenic i 
found converted into an oxyd, but not diſſolved. Concentrit 
ed and boiling ſulphuric acid likewiſe diſſolves the oxyd of u. 
ſenic, but it ſeparates in cooling, in the form of a precipitate 
In this combination, it acquires a conſiderable fixity ; but Bu- 
quet affirms, that it reſumes all its qualities when the acid; 
waſhed off by water b. 

The nitric acid, applied to arſenic, ſtrongly attacks 1 
oxydates it; it likewiſe diſſolves a conſiderable quantity df ti 
oxyd by the aſliſtance of a mild heat. Saturated with eite 
of theſe ſubſtances, it preſerves its own peculiar ſmell ; wha 
ſtrongly evaporated, it forms a ſalt, which, according to bu 

- quet, has not a regular form, but is by Baume affirmed to k 
partly cubical, and partly ſhaped to a point, like diamons 
Wallerius affirms, that its cryſtals reſemble nitrat of five! 
Nitrat of arſenic ſtrongly attra&s the humidity of the att 
does not detonate on hot coals ; is decompoſed neither by 
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ter nor by acids ; and affords no precipitate on the- addition of 


Akalis. The latter nevertheleſs decompoſe it, according to 
Bucquet ; fince nitre and arſeniat of potaſh are obtained by, 
evaporating the nitrous arſenical ſolution, with the previous 
addition of alkaline lixivium. We ſhall preſently ſee, that all 
chemiſts were for a time embarraſſed with the fingular nature 
of the ſolutions of arſenic, and its oxyd, in acids, and attempt- 
ed in vain to diſcover what happens in the combination of this 
oxyd with the nitric acid, as they did not ſuſpeCt that the ar- 
ſenical acid is produced. We ſhall only remark, in this place, 


that the oxyd of arſenic deprives the nitric acid of great part 


of its oxygen *. e 


The muriatic acid, afſited by heat, diſſolves arſenic and its 
oxyds, according to Bucquet. Theſe combinations may be 
precipitated by fixed or volatile alkalis. Baume affirms, that 
this metal difſolves in boiling muriatic acid, and that a yel- 
low powder, reſembling ſulphur, is precipitated l. Bayen and 
Chalard, in their Inquiries reſpecting Tin, have aſcertained, 
that the muriatic acid does not act on arſenic in the cold, and 
ſcarcely at all when heated. When this metal, in powder, is 
thrown into oxygenated muriatic acid gas, it burns with a 
white flame ®, | 

The action of other acids on arſenic and its oxyd are not 
known, This femi-meta], mixed with nitre, and thrown into 
a red hot crucible, produces a ſtrong detonation, The nitric 
acid calcines and burns the ſemi-metal ; and after the optra- 
tion, the crucible is found to contain the fixed alkaline baſe of 
the nitre and the arſenic, in the form of an oxyd, and partly 
combined with the alkali a. 

If equal parts of oxyd of arſenic and nitre be mixed toge- 
ther, and expoſed to diſtillation in a retort, yery red vapours 
of ſpirit of nitre come over. This acid cannot be condenſed, 
but by a ſmall quantity of water put into the receiver, which 
gives it a blue colour. Beccher, Stahl, and Kunckel, have de- 
ſeribed this operation. Macquer, who carefully repeated it, 
having examined the reſidue, to which theſe chemiſts did not 


attend, diſcovered that it was a peculiar neutral ſalt, which he 


called neutral arſenical ſalt, It ought to be termed arſeniat of 
potaſh. This ſalt diſſolved in water, and evaporated in the 
N 14 
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open air, affords very regular cryſtals in tetrahedral priſnis, 
terminated by pyramids of four equal fides ; the form of thele 
cryſtals, however, ſometimes varies. 

Arſeniat of potaſh, expoſed to heat, melts readily, and re. 
mains in fuſion, without becoming alkalized, or any part of 
the arſenic being driven off. It is not ſenſibly altered by the 
action of air. It is much more ſoluble in water than pure 
oxyd of arſenic, and diſſolves more plentifully in hot than in 
cold water o. 

It is not decompoſable by any pure acid, but its component 
parts may be ſeparated by the way of double affinity. If ao. 
lution of ſulphat of iron or martial vitriol be added in a ſmall 
quantity to a folution of this ſalt, a double decompoſition takes 
place. The ſulphuric acid quits the iron to unite with the al. 
kali, and the arſenic acid unites with the oxyd of iron. Com. 
buſtible matters readily decompoſe the arſeniat of potaſh. 
Oxyd of arſenic likewiſe decompoſes nitrat of ſoda by diftil. 
lation, and forms with its baſe arſeniat of ſoda ; which, ac. 
cording to Macquer, does not greatly differ from the falt hf 
ſpoken of, and cryſtallizes abſolutely in the fame manner”, 
This oxyd produces the ſame effect with ammoniacal nitrat, 
conſtituting an arſeniat of ammontac with its baſe 4. It wa 
formerly thought that this operation required to be condudted 
with great precaution, on account of the property which nitrat 


of ammoniac has of detoniting, without addition, in cloſe vel- 


ſels : but Pelletier has proved, that it may be made with- 
out danger even in the quantity of ſeveral pounds. The dif. 
covery of the arſenical neutral ſalt of Macquer was a prelude 
to the diſcovery of the arſenical acid, that illuftrious chemiſt 
having ſeen and obſerved that the oxyd of arſenic acts AS al 
acid in this falt. But, it is to Scheele, as we ſhall preſently 
obſerve, that we are indebted for an accurate knowledge cf 
theſe new combinations. | 
Oxyd of arſenic is not decompoſed by alkaline muriats, and 
does not ſeparate the ammoniac from ammoniacal muriat, but 
with great difficulty; in which property it agrees with the at- 
ſenic *. - 2 

The action of combuſtible mineral matters on arſenic has 
not been examined. The oxyd ſeems reducible by hydroges 
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gas, which has a ſtronger affinity than arſenic with oxygen, or 
baſe of vital air '. 

Oxyd of arſenic combines very well with ſulphur. When 
theſe two ſubſtances are melted together, a yellow or red vola- 
tile body is produced, which has a weaker taſte than pure 
oxyd of arſenic, and is not ſoluble in water. This yellow 
ſulphurated oxyd of arſenic is called factitious orpiment, and is 
capable of cryſtallizing in tetrahedrons, like the vitreous oxyd 

of arſenic ; when red it is called rea/gal, realgar, fuctitious rizigal, 
or red arſenic. We call this compound red ſulphurated oxyd of 
arſenic :. Some chemiſts have thought that the realgal does not 
differ from orpiment, but in the larger proportion of ſulphur it 
is ſuppoſed to contain : but Bucquet has proved, that the com- 
pound of ſulphur and oxyd of arſenic is red, when it has been 
melted; nothing more being neceflary than to expoſe orpi- 
ment to a ſtrong heat, in order to convert it into realgar, I 
find that realgar is much leſs volatile than orpiment, fince it 
remains at the bottom of the matraſs in which the mixture of 
oxyd of arſenic and ſulphur has been ſublimed, where it has 
the form of porous red laminæ, which have been manifeſtly 
fuſed. The artificial orpiment and realgar do not differ from 
the natural : they are decompoſed by lime aud alkalis, which 
have a ſtronger affinity with ſulphur than the oxyd of arſenic 
has, This oxyd, nevertheleſs has, like acids, the property of 
decompoſing alkaline ſulphures. 

All the properties of the oxyd of arſenic prove that this me- 
tallie and combuſtible ſubſtance, united to the baſe of vital air, 
aſſumes the characters of a ſaline ſubſtance. The theory we have 
explained in treating of ſalts in general, appears, therefore, to be 
confirmed by theſe experiments. Macquer, as I have already 
obſerved, took notice in the courſe of his valuable diſcoveries 
reſpefting the arſeniat of potaſh, that the oxyd of arſenic per- 
forms the part of an acid in this ſalt. But it was difficult to 
conceive why the oxyd of arſenic immediately diſſolved in pot- 
aſh ſhould differ fo greatly from the ſame combination made by 
the decompoſition of nitre by the ſame oxyd. Scheele, reaſoning 
from the diſcovery of the oxygenated muriatic acid, imagined 
that the ſame thing happens when nitre is diſtilled with oxyd 
of arſenic. He thinks that the nitric acid ſeizes the phlogiſton 
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ſill remaining in the oxyd, and that the oxyd, when depriyeq 
of this laſt portion, becomes converted into a peculiar acid, 
which we call arſenic acid, He prepared the arſenical acid 
by proceſſes ſimilar to thoſe uſed in obtaining the oxyge. 
nated muriatic acid. One of theſe conſiſts in diſtilling a mix. 
ture of oxygenated muriatic acid and oxyd of arſenic. The 
muriatic acid, according to him, ſeizes the phlogiſton of the 
oxyd, which then paſſes to the acid ſtate. The arſenical acid 
is likewiſe prepared by diſtilling fix parts ef nitric acid from 
one of the oxyd. Much nitrous gas is produced, and the oxyd 
of arſenic aſſumes the characters of an acid; it muſt be expoſ. 
ed for a conſiderable time to heat, in order to diſengage all the 
ſuperabundant nitrous acid“. The facts here related are great. 
ly in favour of the modern doctrine. On the one hand, it i 
difficult, according to Stahl, to ſhow that oxyd of arſenic con- 
tains phlogiſton ; and on the other, nothing is more eaſily con. 
ceived, according to the new theory, than the tranſition of this 
oxyd to the acid ſtate, by the action of ſpirit of nitre, or oxy- 
genated muriatic acid. The oxyd of arſenic appears to have: 
ſtrong affinity with the oxygen, with which it is not ſaturated; 
when it is diſtilled with the nitric, or with the oxygenated 
muriatic acid, it ſeizes the oxygen contained in either. The 
more of this principle it contains, the nearer it approaches to 
the nature of ſaline ſubſtances; and when it is entirely ſatu- 
rated, it aſſumes all the characters of acids, which, as we have 
proved, are combuſtible ſubſtances combined with oxygen, to 
which they owe their ſaline properties. This theory very hap- 
pily explains why the oxyd of arſenic not ſaturated with- oxy- 
gen, but in the ſtate of ſimple oxydation by fire, does not form 
the arſeniat of potaſh ; and why it cannot conſlitute that {alt 
till it has been previouſly treated with acids, from which, by 
the aſſiſtance of heat, it takes the oxygen x. 

The arſenical acid differs greatly from the common oxyd cf 
arſenic. Its taſte is ſtronger; it is fixed in the fire; ſo that 


the difference with reſpect to volatility affords a method of ac- 


curately ſeparating from this acid the portion of oxyd of arle- 
nic it may contain. Its fixity, when treated with the ſulphv- 
ric acid, is doubtleſs a conſequence of its approach to the acid 


ſtate. It is capable of being converted into a tranſparent gli 
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by fuſion; in which melted ſtate, it acts as a flux on earthy 


ſubſtances, and appears to bo capable even of corroding glaſs. 


S 1t lightly reddens blue vegetable colours. I have obſerved, 
dat by expoſure to air, it loſes its tranſparency, and ſcales off 
in fragments, which are often pentagonal, and gradually at- 
tract humidity. It is ſoluble in two parts of water, and rea- 
dily combines with lime, but more difficultly with barytes and 
magneſia. When united with alkalis, it forms neutral ſalts, 
decompoſable by lime, according to Bergman. Barytes and 
magneſia appear likewiſe to have a ſtronger affinity with this 
acid than alkalis, according to the ſame chemiſt. Many expe- 
riments remain yet to be made for the diſcovering of all the 


properties of the arſenical acid. Pelletier has prepared this 


acid, by decompoſing ammoniacal nitrat by oxyd of arſenic 
the ammoniacal arſeniat which is produced gives out its vola- 


tile alkali by heat; and by the continued action of fire, the ar- 


ſenical acid will remain Foun and diſengaged at hs bottom of 
the retort /. 

Bergman obſerves, that the ſpecific gravity of arſenic varies 
greatly from its metallic to its acid ſtate. The following are given 
by him: Regulus of arſenic, 8, 308; vitreous oxyd of arſenic, 
5,080 ; white oxyd of arſenic, 3,706 ; arſenical acid, 3,391 *. 
= Arſenic is uſed in ſeveral arts, more eſpecially in dying. 
be arſeniat of potaſh is likewiſe uſed; and Baumé has long 
prepared it for manufactories. The facility with which the 
oxyd of arſenic diſſolves in water, and in all aqueous fluids, 
renders it the more dangerous, as it is highly poiſonous, and 
may be very eaſily conveyed in ſuch "fluids, The following 
ſymptoms denote that a perſon has been poiſoned with arſenic : 
The mouth is dry, the teeth ſet on edge, and the throat con- 
tracted ; the patient ſpits involuntarily, has a ſtrong ſenſe of 
pain at the ſtomach, great thirſt, ſickneſs, vomiting of mucous 
and bloody matter, excruciating cholics, cold ſweats, convul- 
# fions, and, ſoon after, death. An examination of the ſuſpe&. 
ed food will ſoon ſhow whether it contains the poiſon of arſe- 
nic. If a portion be previouſly dried, and thrown on hot 
coals, a white fume ariſes of a garlic-like ſmell, 

It was formerly uſual to give mucilaginous drinks, or mit, 
or mild oils, in Tage doſes, to perſons poiſoned by oxyd of ar- 


Em 


— * * — — _— — JIE - 
r ⁵ ͤ wi or IT oo ˙ 8 Are rs >. 


* — — 1 
— — — — — _— — you 


ogy 
5 4a 


Py Std dts 
— my — 


— 


_ — 
py 2 E 6  li” 
8 8 * aw 

— — — 


uſe of oils for the contrary reaſon. 


202  ARSENIC, 


ſenic, with the intention of relieving the viſtera, and carrying 
off the greater part of the arſenic. Navier, a phyſician 
Chalons, who has made inquiries. concerning the beſt remedie; 
againſt the poiſon of arſenic, has diſcovered a ſubſtance which 
combines with it in the humid way, and deſtroys the greatel 
part of its cauſticity. This ſubſtance is the calcareous. or 4, 
kaline ſulphures, and is ſtill better adapted to the intention 
when it holds a ſmall quantity of iron in ſolution. When thi 
ſulphure is poured into a ſolution of oxyd of arſenic, it is decon, 
poſed without emitting any ſmell ; becauſe the oxyd of the arſe. 
nic combines with the ſulphur, and forms orpiment ; and at th; 
ſame time unites with the iron, if it contains any. Napier 
preſcribes a drachm.of the /iver of ſulphur in a pint of wate, 
which be directs to be taken a glaſs at a time; or five or fn 
grains of dry ſulphure of potaſh may be given in pills, a glu 
of warm water being taken after each pill. When the fit 
ſymptoms are diſſipated, he adviſes the uſe of ſulphureous mi. 
neral waters; experience having ſhown him that they are ven 
efficacious in removing the tremors and paralytic affection 
which uſually remain after the oxyd of arſenic has been taken 
and often bring on conſumptions, that terminate in death. N+ 
vier likewiſe approves the uſe of milk, becauſe it diſſolve 
oxyd of arſenic as well as water does; but he condemns tie 
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2 T urs is faid to take place in a temperature of about 356 of Fahrenheit's the 
mometer. 

> The heat neceſſary to produce this effect is ſaid to be not more than equal# 
383? of Fahrenheit. 

© In ſpite of every precaution which can be taken, the arſenic generally cars 
over along with it a portion of the oxyd. In order to obtain this metal, thereſe 
in a very pure ſtate, it becomes neceſſary to mix it with a freſh quantity of ſa 
and to ſubject it a ſecond, er even a third time, to the proceſs of ſublimati 
Equal parts of a fixed oil, or black flux, ſerve equally well with ſoap for the 5:6 
tion of oxyd of arſenic. 
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4 The oxyd of arſenic is ſoluble, according to Bergman, in about 80 times its, 
weight of water at the temperature of 60Q of Fahrenheit, or in 25 times ite weight 
of boiling water. The aqueous ſolution of oxyd of arſenic gives a red colour to 
the cincture of litmus, and a green to the infuſion of violets. It produces no cf» 
© &rvefcetice with the carbonats of earths and alkalis. 
Fixed oils diſſolve arſenic in a boiling heat, and form with it a dark coloured 
maſs, having the conſiſtence of an unguent. They unite {till more readily with 
the oxyd, which the eſſential oils alſo difſolve, | 
Lime and barytes unite, in the manner Foureroy deſcribes, with oxyd of arſe - 
nic; but magneſia, alumine, and filex, in their pure ſtate, are ſaid to be incapable 
t combining with this ſubſtance. Theſe earths fuſe eaſily, however, with oxyd 
of arſenic, by the addition of a little lime or alkali, ] | 
e Oxyd of arſenic melts in the dry way with the fixed alkalis into a ſubſtance 
W which remains fixed in the fire. Potaſh, according to Bergman, can unite in this 
WT way with two, and ſoda with three parts of the oxyd. Ammoniac diſſolves oxyd 
W of arſenic by digeſtion, When diſtilled two or three times over this oxyd to dry- 
WE cf, it unites with the oxyd ſo ſtrongly, that the combination may be melted 
WT without being decompoſed. It is ſingular that acids produce no precipitation from 
de ſolution of oxyd of arſenic in ammoniac. Lime water diflolves a ſmall portion 
ol the oxyd of arſenic by bailing them together, but this portion is immediately 
WE precipitated by the addition of an acid. | 
WT | It is ſtill very doubtful whether this ſolution forms a true ſulphat of arſenic. 
W When two parts of concentrated ſulphuric acid is repeatedly diſtilled with one of 
WS the oxyd of arſenic, the maſs remaining in the retort loſes its volatility; and aſſumes 
We > cryſtalline appearance; becomes afterwards opake in the air, attracts humidity, 
and exhibits the properties of an acid liquor. The ſulphureous acid gas is produ- 
ed by the loſs of oxygen, or, more properly ſpeaking, by its tranſition from the 
W ſulphuric acid to the oxyd of arſenic. The cryſtalline maſs, therefore, is acid of 
WE arſenic, which may be again reduced to the ſtate of an oxyd, by expoſure to the 
lame of a blow pipe, or by heating it in contact with powder of charcoal. 
= = It may alſo be doubted whether the ſolution of oxyd of arſenic in nitric acid 
= forms a nitrat of arſenic. Some of the properties mentioned by Fourcroy, ſuch as 
W the arſenic not being precipitated by alkalis, ſeem, to indicate that this ſolution 
WT ought to be conſidered as a mixture of acids, rather than a combination of the ni- 
5 wic acid with the oxyd of arſenic. When this ſolution alſo is expoſed to a high 
W temperature, the nitric acid is diſſipated, and arſenic acid remains alone in the 
Wretort, | 
8 | This ſubſtance is extremely volatile, though but ſparingly ſoluble even in boil- 
ing water, It ſeems to be a muriat of arſenic, for alkalis precipitate from its ſolu- 
on the arſenic in the ſtate. of an oxyd. It is decompoſed by heating it with 
charcoal. According to Wenzel this combination is not decompoſed by alumine. 
In the diſtillation of one part of oxyd of arſenic with three of muriat of ſoda, and 
ac of burned ſulphat of iron, a thick tranſparent brown fluid paſſes over into the 


In receiver, and with this a thinner yellow and tranſparent fluid, which ſinks to the 
„ bottom of the receiver. The thick fluid is termed Butter, and the thinner, Oil of 
3 Aſenic. Theſe fluids ſeem to be combinations of the muriatic acid with oxyd of 
0 nſenic in different degrees of oxydation. The butter, in which the oxydation ſeems 


u de more complete, gives out ſuffocating vapours; when expoſed to the air, ab- 
rds moiſture, and is at laſt decompoſed. It lets fall a precipitate by the addition 
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of water, which conſiſts chiefly of oxyd. Preſerved for ſome time in a cloſe veſt] 
butter of arſenic cryſtallizes, and forms the very volatile ſalt, which is ſparing} 
ſoluble in boiling water. Muriatic acid diſſolves only a ſmall portion of this fal. 

If the acid be uſed in a diluted ſtate, it produces an immediate precipitation of th 
arſenic, The oil of arſenic. ſeems to be a combination of the oxyd with the aj 
in a leſs concentrated ſtate, or a more diluted butter of arſenic. It unites with my, 
riatic acid in all proportions, but the affuſion of water produces an immediys 
Precipitation of the oxyd. Oil of arſenic efferyeſces with carbonat of alkalis, zy 
Now evaporation it affords cryſlals of muriat of arſenic, which in ſolution again 
bear a ſtrong reſemblance to oil of arſenic. A true butter of arſenic is produce 
by digeſting in cloſe veſſels oxyd of arſenic with oxygenated muriatic acid, 1f, y 
a ſolution of oxyd of arſenic in concentrated boiling muriatic acid be added thre, 
times the quantity of nitric acid, a conſiderable quantity of nitrous gas will be di, 
engaged. If the mixture be diſtilled to dryneſs, arſenic acid alone will remain n 
the retort. Oxyd of arſenic, by digeſtion and diſtillation with oxygenated mut. 
atic acid, is converted into arſenic acid. 

m Fluoric acid has no action on arſenic, but it unites with its oxyd, and forms; 
true fluat of arſenic, The properties of this ſalt, which exiſts in ſmall granular 
cryſtals, have been but little inveſtigated. 

Boracic acid, in the moiſt way, has no action on arſenic, but it diſſolves th 
oxyd. The ſalt which is formed is ſoluble in water, and the ſolution depoſits by 
evaporation the borat of arſenic, partly in a pulverulent form, and partly in that d 
branched ſpiculæ. 

Phoſphoric acid, which has no £Qion on arſenic, diſſolves its oxyd completch, 
It forms, according to Bergman, a cryſtallized pho/þbat of arſenic, which is difficult 
ly ſoluble in water. This ſalt is decompoſed in the fire. 

Tartaric acid unites by boiling it in water with oxyd of arſenic, and forms 
cryſtallizable tartrite of arſenic, the properties of which have been but little inveli 


Oxalic acid diſſolves oxyd of arſcnic even without the affiſtance of heat, ad 
forms with it an oxalat ef arſenic, which is obtained in the form of priſmatic cryſtal 
by evaporation. This ſalt melts readily in the fire, and is decompoſed by ſublim 
tion, the decompoſed acid riſes firſt, and aſterwards the oxyd of arſenic, Oral 
of arſenic diſſolves eaſily in water, and in ſpirit of wine. It gives a red colour 
tincture of litmus. | 

Acetic acid forms by digeſtion, or boiling with oxyd of arſenic an a i 
that metal, which exiſts in ſmall grains, and is ſparingly ſoluble in water, Ti 
combinations of the ſuccinic, citric, and malic acids with arſenic are not jt 
known. 

' Benzoic acid, according to Trommſdorff, diſſolves oxyd of arſenic, and for 
with it a benzoat of arſenic. This ſalt, which ſhoots into fine radiated cryſtals, tu 
an acid pungent taſte, effloreſces in the air, diſſolves readily in N water, and 
cryſtallizes again by cooling. 

Carbonic acid neither unites with. arſenic nor its oxyd, for water impregnatt 
with this acid diſſolves no more of the oxyd of arſenic than would be diſſolved)! 
common water. The gallic acid produces no change in a ſolution of arſenic, 
that the gallat of arſenic is ſtill unknown. 

Pruſlic acid precipitates arſenic from its ſolution in nitro-muriatic acid, Ti 
precipitates of a white colour, is ſoluble in a large quantity of water; and ® 
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(lution, when evaporated to dryneſs, forms a ſemi-tranſparent maſs, which is 
probably Pruſſiat of potaſh. 

The formic acid, according to Bergman, acts on oxyd of arſcnic, and forms 
with it cryſtalline grains, which are difficult of ſolution in water. 

As the ſolutions of arſenic in the different acids are to be conſidered as mixtares 
of acids rather than as neutral ſalts, it becomes difficult to aſcertain the degrees of 
affinity among acids for arſenic. Muriatic acid, and even the oxalic, have, ac- 
cording to Bergman, a ſtronger affinity for arſenic than the ſulphuric. The de- 
grees of the other acids are ſtill very undetermined. Gren's Handbuck Arſenib. 

n It equal parts of theſe two ſubſtances be uſed, the ſalt remaining will contain 
an exceſs of alkali, which renders it deliqueſcent and uncryſtallizable, By adding 
a ſmaller proportion of nitre, and by employing a lower degree of heat, a cryſtal- 
lizable arſeniat of potaſh will be obtained. A ſmall exceſs of arſenic acid is re- 
quired for the production of this ſalt. 

o Arſeniat of potaſh produces no change in the infuſion of violets, but it gives 
2 red colour to the tincture of litmus. 

p Arſeniat of ſoda does not redden the tincture of litmus, but it gives a green 
tinge to the infuſion of violets. 

a This ſalt has no effect on the colour of litmus, but it gives a green tinge to 
the tincture of violets. If the cryſtals of arſeniat of ammoniac be expoſed to a 
briſk heat, they loſe their tranſparency, and a portion of the ammoniac is driven 
off, In this ſtate it gives a depoſit with acids. Combined with exceſs of acid, 
this ſalt ſhoots into long needle-ſhaped cryſtals, which deliqueſce in the air. Cau- 
ſic ammoniac is evolved from it by diſtillation ; but in this proceſs a portion of 
the ammoniac is decompoſed, while the arſenic acid is changed to the ſtate of an 
oxyd, Does not the hydrogen of the ammoniac unite with the oxygen of the ar- 
ſenic to ſorm water ? . 

r Neither the ſulphats nor muriats of potaſh er ſeda ſuffer any change when 
treated in the ſame way with oxyd of arſenic. Diſtilled with acetat of potaſh, the 
oxyd of arſenic exhibits ſome curious phenomena, which have been deſcribed by 
Morveau, but which do not ſeem to have met with the inveſtigation they deſerve. 
The reſidue appears to be a carbonat of potaſh. 

5 Phoſphorus unites with arſenic, and forms with it a phoſphure of arſenic. If 
equal parts of theſe ſubſtances be melted together in a retort with a briſk fire, a 
black, ſhining, brittle maſs is formed, which effloreſces in the air, and is ſoluble in 
water, Phoſphorus decompoſes the oxyd of arſenic, If theſe ſubſtances be kept 
in contact under warm water, ſo that the melted phoſphorus may act on the oxyd 
of arſenic, a portion of the phoſphorus is converted into phoſphoric acid, and the 
arſenic now unites with the remaining portion of phoſphorus. 

© When oxyd of arſenic is diſtilled with ſulphur, a quantity of ſulphureous acid 
gas is ſaid to be diſengaged. In giving a portion of its oxygen to the ſulphur, 
is the oxyd completely reduced, or does it ſtill retain ſome of this principle in com- 
bining with ſulphur to form realgar ? 

The yellow and red ſulphures of arſenic are neither ſoluble in water nor in ſpi- 
rit of wine, The nitric and nitro-muriatic acids ſeparate the arſcnic by the aſſiſt- 
ance of heat from the ſulphur ; but the firſt only partially, ſince it changes merely 
the red ſulphure to the yellow. The nitro-muriatic acid extracts all the arſenic 
A. yellow ſulphure, ſo as to leave the ſulphur behind in the form of a grey 
powder, | 


When cautic fixed alkali is boiled with ſulphure of arſenic, an alkaline ſulphure 
1 
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is formed, which holds the arſenic in ſolution; but the ſulphur and arſenic ay 
| / both precipitated by the addition of an acid. Unſlaked lime boiled with the re 

or yellowſulphure, forms a ſulphure of lime, which alſo holds the arſenic in ſo. 
{ lution. This is the ſolution which has been ſo commonly employed as a teſt g 
| | the purity of wines, Sulphure of arſenic becomes ſoluble in expreſſed oils by th 
| 


— — 


aſſiſtance of heat. 
I .x᷑ a ſolution of oxyd of arſenic be added to water impregnated with ſulphuratey 
hydrogen gas, a precipitation of yellow ſulphure takes place. Does the hydroge 
11 in this proceſs unite with the oxygen of the arſenic to form water? 
1 The ſulphure of arſenic may be decompoſed by forming it into a paſte with u 
alkali diſſolved in water, and by expoſing this paſte in cloſe veſſels to a gradually 
| -increaſed fire. The arſenic ſublimes in the form of white flowers, and leaves bs 
| kind it-an alkaline ſulphure, which always contains a little arſenic. When ta 
| great a quantity of alkali is uſed, it fixes the arſenic, 
u In Scheele's experiments, only a very ſmall quantity of acid of arſenic wy 
| 


formed by diſtilling the oxyd of this metal with nitric acid alone. His proceſs for 
obtaining arſenic acid is the following: Two ounces of oxyd of arſenic are to h. 
diſſolved by a boiling heat in ſeven ounces of pure muriatic acid, contained in 
2 tubulated retort ; and while the ſolution is ſtill warm, three ounces and a half 
| of pure nitrie acid, together with the muriatic acid which may have paſſed over 
into the receiver, are to be added. The mixture will now begin to | foam, and 
i nitrous gas to be diſengaged. The diſtillation is to be continued till this gas ceaſe 
to come over, when an ounce of finely powdered oxyd is again to be added, n 
. -u gentle heat applied till it alſo be diſſolved. An ounce and a half of nitric aci 
| | is then to be added, and-the whole diſtilled to dryneſs, taking care to increaſe the 
I} fire at laſt, ſo as to make the maſs red hot. On breaking the retort, dry acid g 
bi arſenic will be obtained. The acid may be obtained in the liquid ſtate, by difſo. 
Rf ing the dry acid, with the affiſtance of heat, in twice its own weight of water 
| See Scheele Eſſays, p. 143. 


Fl x The oxyd of arſenic is ſaid to gain about 1-9th of its weight by being con- 
5 voerted into an acid. . 

Acid of arſcnic, according to Scheele, is reduced by a vielent heat to the fat 
of an oxyd. He was able to effect this reduction only partially in a retort, but 
completely in a crucible, 'Heated to redneſs with powder of charcoal, the mixturt 
inflames with violence, and the whole of the acid is reduced. Spirit of wine di. 

ſolves acid of arſenic ; but the acid does not ſeem to undergo any change, either 
by digeſtion or by diſtillation, with that fluid. Sulphur has no action by digeſtim 
on arſenic acid ; but, when diſtilled with it in à glaſs retort, ſulphureous acid gu 
is diſengaged, and the-maſs riſes in the form of a red ſulphure. Sulphat of potaſ 
LES and ſoda are decompoſed in an intenſe heat by arſenic acid. The ſulphat of ſod 
did not ſeem to Scheele to require ſo intenſe a heat for this purpoſe as that of th: 

potaſh. See Scheele, Crell's New Entdeck, Drit. Th. ſ. 125. 

| Acetat of alumine is decompoſed by arſenic acid, 
I If arſenic acid be dropped into lime-water, a combination of this acid with tht 
| lime is produced, which is rendered ſoluble by an exceſs of acid. The ſolution 
: #ffords by evaporation ſmall cryſtals of arſeniat of lime. This ſalt may likewik 
be formed by adding arſenic acid to the carbonat of lime. Arſeniat of lime is not 
| . decompoſed by the fire, but the addition ef carbon cauſes the arſenic to ſublin* Ws : 
1 in the form of a white oxyd. The carbonats of the alkalis produce, by double #- 
finity, a decompoſition of this ſalt; not fo the cauſtic alkalis. Lime-water ſecs 
1 
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to produce = decompoſition of the arſeniat of potaſh. Arſenic acid diſſolves mag- 
neſia, This combination forms, when accurately ſaturated, a ſalt difficult of ſolu- 
tion in water, but which becomes ſoluble by exceſs of acid, and in that ſtate forms 
3 gelatinous maſs by evaporation. If this difficultly ſoluble ſalt be diffolved in ace- 
tic or nitric acids, and the mixture flowly evaporated, it ſhoots into beautiful ra- 
diated priſmatic cryſtals, which eMoreſce in the heat, but which are not decom- 
poſed by it. By the addition of carbon to this falt in the fire, the arſenic is diſſi- 
pated in the form of an oxyd. Whether cauſtic fixed alkalis and lime decompoſe 
this ſalt, does not yet ſeem to be determined. p 

Arſenic acid diffolves alumine, and forms with it an arſeniat of alumine. This 
{alt is not decompoſable in the fire without the addition of ſome combuſtible . 
ſtance. 

Barytes is readily diſſolved by arſenic acid; but at the ved of ſaturation, theſe 
ſubſtances form an almoſt inſoluble arſeniat of barytes. The habitudes of this 
{.!t in the fire ſeem to be nearly the ſame with thoſe of arſeniat of lime. 

Siliceous earth is not affected, either in the dry or moiſt way, by arſenic 
acid, 

Carbonic acid is expelled by the arſenic, both in the humid and dry way, "AY 
its alkaline and earthy combinations. 

Sulphuric acid has a ſtronger affinity for alkalis and earths, in the moiſt way, 
than the arſenic acid; but in the dry way, this acid expels the ſulphuric from the 
ſulphats of potaſh, ſoda, lime and barytes. An exceſs of arſenic acid, however, 
is neceſſary to produce this effect. 

The nitric acid decompoſes, in the moiſt way, the arſeniats of alkalis, lime, ba- 
rytes, and alumine, but not that of magneſia. The arſenic acid ſeems rather to 
take this earth from the nitric. In the dry way, the nitrats of alkalis and earths 
are decompoſed -by the arſenic acid. In this proceſs, the arſenic acid does not 
decompoſe the nitric ; but this effect takes — if the oxyd, inſtead of the acid 
of arſenic, be employed. 

The magnefian i is the only arſeniat which is not decompoſed by muriatic acid 
in the moiſt way, In the dry way, on the contrary, the muriatic acid is ſeparat- 
ed from its alkaline and earthy combinations by the arſenic acid. The muriat of 


5 ſoda is not decompoſed by the oxyd of arſenic in the fire; that of ammoniac is 


decompoſed by arſenic acid ; but if the fire be increaſed, the arſeniat of ammo- 
niac will be decompoſed in its turn, and azotic gas, water, and white oxyd of ar- 
ſznic, produced. | 

Fluoric acid has a ſtronger affinity, in the moiſt way, for alkalis and earths, 
than the arſenic acid; in the dry way, on the contrary, it is expelled, according to 
Scheele, from all its combinations, by this acid. In the latter caſe, however, an 
exceſs of acid is required, 

Boracic acid has a leſs affinity in the moiſt way; but on account of its fixity, i it 
cannot be ſeparated by arſenic acid in the dry. 

Phoſphoric acid has a ſtronger affinity for both earths and alkalis, in the moiſt 
and dry way, than arſenic acid. 

Tartaric acid ſeparates the arſenic from alkalis, and all the earths, except the 
magneſian. In the dry way, it yields to arſenic acid. 

Oxalic acid, in the moiſt, is ſuperior, in the dry, inferior, to arſenic acid in ts 
allinities, | 

Azotic acid, both in the moiſt and dry way, is inferior in its afnities 1 arſe 
die acid. 
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Succinic acid has a-ſtronger affinity only for lime and barytes in the moiſt wap; 


in the dry, it yields in all its combinations. / 
Citric is inferior only in its affinity for barytes in the moiſt way; in all, | 
the dry. 


Malic acid inferier both in the moiſt and dry way. 

Benzoic and Pruflic inferior both in the moiſt and dry way. 

Gold.—Arſenic acid has no action en gold, either in the moiſt or dry wy, 
neither does it attack it when mixed, either with muriatic or nitric acids, Arſe, 
nic acid produces no precipitate in the ſolution of gold. It is probable, hoy. 
ever, that this acid diſſolves the oxyd of gold, and forms with it an arſeniat d 
gold; for arſeniat of ſoda precipitates gold, in its metallic ſtate, from its ſolutiq 


in acids. 
Platina ſeems to have nearly the ſame habitudes with acid of arſenic x 
gold, 


Silver is not acted on in the moiſt way by arſenic acid. Diſtilled together ix 
a retort, with a briſk heat, a portion of the white oxyd of arſenic is ſublime, 
while the remaining portion is united to the oxyd of ſilver, forming 2 colourleh 
glaſs, which, by ſolution in hot water, affords a brown powder. This ſolution 
contains arſeniat of ſilver, which affords luna cornea, or the muriat of ſilver, by the 
addition of muriatic acid. The arſeniats of alkalis and earths precipitate filye, 
from its ſolution in nitric acid, by double affinity. Arſeniat of ſilver is decon- 
poſed by fire. The arſenic is ſublimed in the form of an oxyd, while the oxyd 
the filver is reduced to the metallic ſtate. Although ſilver is not ſoluble either i 
muriatic nor in arſenic acids, yet a remarkable combination is produced by a mi- 
ture of theſe two acids. If powder of ſilver be digeſted with a mixture of tw 
parts of the arſenic, and two of the muriatic acids, the filver is converted firl 
F into a white powder, and afterwards into luna cornea, or muriat of filver, In thi 
| proceſs, the ſilver is converted into an oxyd by the arſenic acid, which afterward 
[i unites with the muriatic acid. | 
Mercury has no action, in the moiſt way, on acid of arſenic. Diſtilled togr- 
ther to dryneſs by a briſk heat, a yellow maſs is formed, and ſome mercury, wi" 
. arſenic, paſſes over into the receiver. The yellow maſs is arſeniat of mercury 
| This ſalt is ſoluble in muriatic, but not in nitric or ſulphuric acids. The ſolutics 
| | of this combination in muriatie acid affords corroſive ſublimate by diſtillate 
| Arſeniat of mercury is decompoſable by itſelf alone in cloſe veſſels ; the produc 
1:8 are mercury and oxyd of arſenic. The ſolution of mercury in nitric and ſulphur: 
ih acids is precipitated by the arſenic acid; corroſive ſublimate, or the oxygen * 
muriat of mercury, is not acted on either in the moiſt or dry way; but calm 
; or the mild muriat of mercury, is converted into corroſive ſublimate by diſlila 
| tion with this acid. The ſublimate, in this caſe, always contains a little ci 
| | : of arſenic. A mixture of muriatic and arſenic acids produce the ſame effects u 
l 


- ATT fo hn Eon A oe -- SS ere as ͤ ai torr 
ö 7 * — * 419 * & & 4 — 
72 „ yy —_ -— - . _ as | * * 


„ 


mercury as on ſilver. 
Lead becomes black by digeſtion with arſenic, and after a few days it is 


q | vered with a powder of a white grey colour, that is mixed with a little oryd d 
n arſenic, from which it may be ſeparated by expoſure to heat; but the acid ct 
_ tains no lead diſſolved in it. A more powerful action is produced by diſtilizg 


two parts of arſenic acid with one of filings of lead. The mixture becomes er 
lourleſs; ſome oxyd of arſenic is ſublimed, and a white milky coloured glaſs leit be 
| hind in the retort, which is an arſeniat of lead. The ſuperabundant acid may be 

ſeparated by boiling in water. The arſeniat of lead is eaſily decompoſed by tit 
addition of charcoal in the fire, as it is arſenic acid, rather than white oxyd, d 
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is ſeparated while the lead is reduced. The arſeniat of lead may alſo be procur- 
ed by boiling a ſolution of nitrat of lead with oxyd of arſenic. 

The arſenic acid precipitates lead from its ſolution in acetic, nitric, and muria- 
tic acids; and the alkaline and carthy arſeniats decompoſe all the ſolutions of lead 
in acids. It is from this laſt property of arſenic acid that Richter has propoſed a 
new method of obtaining this acid in a very pure ſtate, A ſolution of arſeniat of 
bpotaſh, prepared by the diſtillation of oxyd of arſenic with nitrat of potaſh, is to 
be poured into a ſolution of acetat of lead, ſo long as any precipitate continues to 
re formed. After this precipitate has fallen to the bottom, the ſupernatant liquor 
to be poured off, and the precipitate carefully waſhed. Sulphuric acid, in the 
W 7coportion of one to three parts of the acetat of lead employed, is now to be added, 
W taving been previoully diluted with an equal quantity of water. This mixture is 
to be ſtirred frequently, and after a few hours ſulphat of lead will be formed, 
which remains at the bottom, The clear fluid which ſwims above is to be poured 
off and filtered, after it has been previeuſly diluted with water. This liquor is 
arſenic acid, It is to be deprived of its water by evaporation, and of any ſulphu- 
tie acid which it may contain, by expoſing it to a ſtill ſtronger heat. Richter, neu. 
$ Gegenflande, Stuck, . 35. 

Biſmuth is converted into a white powder by digeſtion in arſenic acid, which is 

an arſeniat of biſmuth. This ſubſlance is precipitated from the ſolution by 
the addition of water, In the dry way, arſenic acid oxydates, but does not diſ- 
ſolve biſmuth. This metaLAF precipitated from its ſolution in nitric acid by dry 
arſenic acid, The arſeniat of biſmuth which is formed, is exceedingly difficult of 
$ {olution in water, It is eaſily reduced by charcoal in the fire. 
Nickel is attacked by digeſtion with arſenic acid, and the ſolution has a green 
colour. A conſiderable quantity of a green powder falls to the bottom, which is 
mixed with arſenic, but which may be driven off by a briſk fire. One part of 
nickel in powder, diſtilled with two of dry arſenic acid, fuſes, according to 
Scheele, and oxyd of arſenic is obtained during the proceſs. A yellow maſs re- 
mains after cooling. By boiling this in water, arſeniat of nickel is obtained, This 
T falt is eaſily reduced by charcoal in the fire, and the arſenic reduced to its metal» 
lie ſtate. Arſenic acid does not precipitate nickel from its ſolution in acids. Al- 
kaine and earthy arſeniats precipitate it, however, in the form of a whitiſh grey 
powder, 

Copper gives a green ſolution by digeſtion with arſenic acid. "A blueiſh 
white powder falls to the bottom, which is arſeniat of copper. One part of cop« 
Jer filings, diſtilled to dryneſs, with two of dry arſenic acid, gives out oxyd of 
Lene The remainder is an arſeniat of copper. Arſenic acid preeipitates cop- 
Per only from its ſolution in acetic acids. Arſeniat of copper, which fuſes into a 
Welafy ſubltance in the fire, is cafily decompoſed by the addition of combuſtible 
Wocies, During this proceſs, white oxyd of arſenic is diſengaged, 
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- ink grows black, and the tranſparency of the acid is deſtroyed by a black po- 
„ i this eee be ſeparated, dried, and placed on an iron plate, heated near - 
an. ded bot, it burns with a blue flame, and emits à white arſenical ſmoke. Hy- 
gen is diſengaged during the digeſtion in arſenic acid, a proof that the zink is 
ey . writ oxydated by the decompoſition of water, and afterwards diſſolved by the 
bo Kid. It zink filings be heated on a ſtrong fire with acid of arſenic, w violent in- 
* lammation and exploſion takes place. Arſenic and oxyd of zink are ſublimed 
the ; ing this exploſion into the neck of the retort ; only the acetic ſolution of zink 
* 
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Zink is the only metal that efferveſces when digeſted with arſenic acid. The 
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is precipitated by arſenic acid. Neutral arſeniats decompoſe all the acid ſolution, 
of zink. | 

Antimony forms a white powder by digeſtion in arſenic acid. If diftil|,4 
together to dryneſs, an inflammation takes place as ſoon as the maſs enters into fy. 
ſion, The ſolutipns of antimony in acetic and tartaric acids are precipitated hy 
the acid of arſenic. 
The arſenic acid aſſumes a roſe colour by digeſtion with cobalt; but a grey 
part of the cobalt remains undiſſolved. Arſenic acid does not precipitate cohal 
from its ſolutions in acids; but the-alkaline and earthy arſeniats produce a Preci. 
pitate of a roſe colour, This = is fuſed with extreme difficulty in te 
crucible, 

Acid of arſenic diſſolves 5 little manganeſe during digeſtion. Fixed alkily 
precipitate from it a white powder. If manganeſe be diſtilled with acid of arſeni 
oxyd of arſenic is ſublimed. The ſolution of manganeſe in acetic acid is precii 


tated by the acid of arſenic; not ſo its ſolution in other acids. Arſeniats har 


alſo this effect. 
Arſenic acid converts, by digeſtion, arſenic into the ſtate of an oxyd, while th 


acid itſelf returns to tRe ſame ſtate. If powder of arſenic be thrown into a retar 
on melted arſenic acid, an inflammation takes place, and oxyd of arſenic is fi. 
limed. See Gren's Handbuck der Chemie. | 

|, Arſenic, as well as its oxyd, unites in the fire with almoſt all metallic boda 
In the ſtate of oxyd it ſeems to oxydate a portion of the metal with which i 
combines. 

This combination changes the properties of metals. The malleable become 
brittle, the fixed eaſily fuſible, and the eaſy fuſible fixed, Thoſe which are yell 
or reddiſh become more or leſs white, and the white of a greeniſh or tin colon 
The arſenic may be ſeparated again by expoſure to a ſtrong heat in open veſſk 
but it carries off a portion of the metal along with it. Platina alone remains fied 
in the fire 

Gold and arſenic unite ee When melted in the fire the gold takes up & 
bout x-60th. When the operation is performed in cloſe veſſels the mixture become 
cracked and brittle. The arſenic cannot be completely ſeparated from the gold ij 
mere heat without the addition of ſome combuſtible body, ſuch as ſulphur, &c. On 
of arſenic, with the addition of a little alkali, unites alſo in the dry way to gold 
but the ſolution of the oxyd in water does not produce any effect. The folutu 
in aqua r:gia is faid by Newman to be precipitated of a pale yellow colour. $ul- 
phure of arfenic and the arſeniats readily produce a precipitate, but they ſeem to 
this rather by the alkali than by the arſenic which they contain. It is remarkab 
that arſeniat of ammoniac does not produce a fulminating oxyd of gold. Arleic 
precipitates gold from its ſolution in aqua regia. 

If arſenic and platina be melted together in a crucible, a brittle grey me 
is produced. The fuſion is promoted by the addition of a little alkali, whid 
fixes the arſenic. The arſenic is feparable by mere heat, and leaves the platina l 
a malleable ſtate. Two parts of platina, accurately mixed with one of arſenic ant 
tartar, when expoſed to a glow heat in a luted crucible, melt into a brittle ſu- 
Nance, which is ſtill whiter than platina. This ſubſtance is eaſily ſoftened by tit 
fire, 'or, by a ſtronger heat, completely melted. In this ſtate, if expoſed for i 
ſuffizient length of time to the fire, the arſenic is diſſipated, and the platina, whid 
again becomes ſolid, alone remains. Achard has taken advantage of this prope 
2y to form veſſels of all ſorts from platina, a ſubſtance ſo infuſible by itſelf, 4 
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ſenic precipitates platina from its ſolution in agua regia, The oxyd of arſenic has 
not this effect. Arſeniats and liver of arſenic alſo produce precipitates ; but this 
more from the alkali probably than from the arſenic. Acbard, Cell Chem. Ann. 
1784, 111 3 Y | 4 

Arſenic, by the addition of a little alkali, unites readily with ſilver. The 
mixture is brittle. The arſeyic is not ſeparable by heat alone; but this effe& 
is caſily produced by metins it with charcoal; or, fill better, by uniting it to 
lead. The arſenic carries off a portion of the filver along with. it. Powder of 
arſenic precipitates filver from its ſolution in nitric acid. The ſame effect is pros 
duced by a ſolution of the oxyd in water; but in this oaſe the precipitate is a 
combination of the oxyd of ſilver with the oxyd of arſenic. The arſeniats and 
liver of arſenic produce a precipitate by double affinity, which 1s arſeniat of fil. 
ver. | 
| Arſenic forms, by long trituration in the heat, a grey amalgam with mercu- 
ry; but the oxyd does not unite by ſublimation with this metal. Arſenic preci- 
pitates mercury in its fluid ſtate from its ſolutions in ſulphuric and nitric acids. A 
ſolution of the oxyd, or of ſulphure of arſenic, added to the ſolufion of mercury in 
acids, produces a precipitation of arſeniat of mercury which is not ſoluble in water. 
If it be expoſed to heat with charcoal the arſenic ſublimes with its peculiar ſmell, 
and the mercury paſſes over into the receiver. Corroſi ve mercurial muriat is not 
decompoſed by oxyd of arſenic, but if equal parts of this ſalt and powder of arſenic 
be rubbed together, and diſtilled with a briſk heat, a ſmoking butter, or oxyge- 
nated muriat of arſenic paſſes over, and, by increaſing the fire, fluid mercury riſes 
containing a little calomel. If mercury be rubbed with yellow or red arſenic, 
and aſterwards ſubjected to the proceſs of ſublimation, white oxyd of arſenic riſes 
firſt, and'afterwargs a true cinnabar, which ſtill retains a little arſenic. This may 
be ſeparated by a new ſublimation. Sulphur has, therefore, a ſtronger affinity 
for mercury than for arſenic, 

If from two to three parts of corroſive mercurial muriat be mixed with one of orpi- 
ment, and diſtilled in a ſand bath, butter of arſenic will be produced. No mercury 
in this caſe paſſes over in the fluid ſtate, but it remains united to the ſulphur, and 
may be ſublimed by a ſtrong fire in the ſtate of cinnabar, 

Lead unites with about one ſixth part of its weight of arfenic, In a briſk fire 
the mixture begins to ſmoke, and ſwells up. One part paſſes over in the form of 
thick ſmoke; another is converted into a red glaſs, and the remaining lead be- 


- comes brittle and of a dark colour. The arſenic may be ſeparated from the lead 


dy repeated roaſtings with charcoal. The ſolution of oxyd of arſenic has no action 


on lead, but it precipitates lead from its ſolution in ſulphuric, nitric, and acetic 
acids. This precipitation is more ſpeedily produced by the ſulphure of arſenic. 


If a ſolution of nitrat of lead be boiled with oxyd of arſenic, a large quantity of 


1 nitrous gas is diſengaged, and the oxyd of lead remains combined with the arſe- 
nic acid. Sulphur has alſo a ſtronger affinity for lead than arſenic; ſo that if the 


red arſenic he expoſed with lead to a ſufficiently ſtrong fire, white oxyd of arſenic 
will be ſublimed. 

Biſmuth unites to arſenic in only a ſmall quantity, r-15th, The mutual affi- 
aities of theſe metals for acids is not known. Arſenic has a leſs affinity for ſul- 
phur than biſmuth, A ſolution of oxyd of arſenic has no action on biſmuth. Suj- 


hure of arſenic precipitates biſmuth from its ſolution in acids in the ſtate of an 


f ryd, but mixed with a ſmall portion of arſenic, which may be ſeparated by roaſt- 
: ing it with charcoal. 
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Nickel has a ſtrong attraction for arſenic, and is very difficultly ſeparated from 
it even by roaſting the mixture with charcoal. The ſolution of oxyd of arſenic 
feems to act on the nickel; but the nickel has a ſtronger affinity for acids and (ul. 
phur than arſenic, 

Copper, when in large quantity, unites readily with arſenic, and forms with i 
2 brittle mixture, of a red colour ; with arſenic it forms white tomback, or white 
copper, which continues to be flexible and malleable if the arſenic be uſed in in 
metallic and not in its exydated ſtate. In preparing this ſubſtance it is neceſſary 
fo diminiſh the fluidity of the arſenic by the addition of ſome fixed alkali." Very 
beautiful tomback is prepared, according to Leonhardi, by melting equal parts of 
black flux and copper filings with four parts of oxyd of arſenic, under a covering 
of powdered glaſs. White copper becomes black in the air, ſo that it is neceſſary 
to give it a covering of ſilver, Copper has a ſtronger affinity for acids and ful. 
phur than-arſenic; but oxyd of arſenic unites in the humid way with oxyd d 
copper, and diſſolves the copper itſelf. This ſolution is neither decompoſed hy 
acids nor alkalis; and by evaporation it affords a yellow-greeniſh faline fubſtance, 
which ſeems to be arſeniat of copper. Ammoniac does not give a blue colou 
to this ſolution. The oxyd of arſenic precipitates copper from its ſolution in 
fulphuric and vegetable acids of a green colour. The precipitate is arſeniat df 
copper. This affords a method of difcovering the preſence of arſenic in water, 
The ſolution of the ſulphat of copper affords a precipitate of a green colour, which 
the ammoniac does not colour blue as it does the other precipitates of copper, 
On this property depends the preparation of a beautiful green paint, firſt dif. 
covered by Scheele. Two pounds of ſulphat of copper are to be diſſolved in 
2 copper kettle in twelve pounds of water. To this two pounds of dry potih 
and eleven ounces of white arſenic, with four pounds of water, are to be added, 
and the mixture carefully ſtirred during the addition. It is neceſſary to uſes 
large veſſel on account of the efferveſcence which takes place. After the mixture 
Has been allowed to ſettle, the clear liquor is to be decanted off, and the 1 
well waſhed with water, and dried in a gentle heat. 
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CHAPTER VII. 


CONCERNING MOLYBDENA AND THE MOLYBDIC ACID. 


Ws give the name of molhbdena to a new metal, diſcovered 
© by Mc. Hielm, and obtained from, a mineral ſubſtance known 
by the ſame name. This ſubſtance muft not be confounded 
with common black lead, plumbago, or black chalk which is 
uſed in drawing, and is at preſent denominated carbure of iron: 
cis confuſion has certainly occaſioned ſome difference of re- 
W (lts in the labours of thoſe. chemiſts who have examined this 
; ſubſtance, from the time of Pott to that of Scheele. It muſt 
de obſerved, that the carbure of iron, or plumbago, being 
much more common than molybdena, very few ſpecimens of 
nich are to be met with in cabinets of natural hiſtory, che- 
miſts have almoſt always made their experiments with the 
former, Quiſt and Scheele excepted. 

The true ore of molybdena is not eaſily diſtinguiſhed from 
carbure of iron,' in its external characters ; nevertheleſs, the 
molybdena is rather leſs fat to the touch. It is compoſed of 
hexagonal ſcales, of greater or leſs fize, very ſlightly adhering 
to each other: it ſoils the fingers, and leaves traces upon pa- 
per, which are bluiſh, or of a filvery grey colour. When it 
is reduced to powder, which is difficult to be performed, on 
account of the elaſticity of its ſcales, 1t has a blueiſh colour ; it 
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lated texture of carbure of iron. In order to pulverize the 
ore of molybdena, it is nepeſſary, after the proceſs of Scheele, 
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Along with it; the powder muſt afterwards be waſhed with 
bot water, which carries off the ſalt, and the mineral remains 
bure. The analyſis of this mineral, made by different means, 
broves that it is a compound of ſulphur and the metal which 
oe are now examining, This laſt, however, is very difficult 
to be obtained: the illuſtrious Scheele did not ſucceed in re- 
; ducing its oxyd into metal, either with black flux and char. 
oa, or with borax and the ſame combuſtible ſubſtance, nor 
: O iii 


yields eaſily to the knife, is not brittle, and has not the granu- | 


to throw a ſmall quantity of ſulphat of potaſh into the mortar 
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with oil. Bergman affirms, that Mr. Hielm has been more 
fortunate, and that he ſucceeded in obtaining a ſufficient quan. 
tity of the ſemi-metal to exhibit its properties; but ſince thy 
time of this note of Bergman, Mr. Hielm has publiſhed no. 
thing on the ſubject “. Pelletier, in his experiments on the 
reduction of the oxyd and acid of molybdena, never oh. 
tained a button of molybdena, but an agglutinated, blackih, 
friable ſubſtance, poſſeſſing the metallic brilliancy : by the 
magnifier, ſmall, round, brilliant, and greyith grains were ſeen, 
which Pelletier conſiders as the metal or pure molybden, 
Manganeſe likewiſe has not yet been obtained, except in the 
form of globules. 

The following are the properties which have been obſerved, 
in conſequence of the trials made of this ſemi-metal. Molyh. 
dena is grey, in the form of ſmall agglutinated grains, brittle, 
and extremely infufible : when heated in contact of air, it 
| changes into a white oxyd, which is volatile, and cryſtallizes 
by ſublimation into brilliant needle-formed priſms, reſembling 
0 thoſe of antimony. This oxyd, when ſuperſaturated with oxy. 
| gen, becomes acid, and is the ſaline product which is belt 
known, in conſequence of the reſearches of Scheele. The ni. 

tric acid readily calcines, and converts it into a white oxyd, 

and even into molybdic acid? The oxyd of molybdena becomes 

* blue and brilliant during its tranflation to the metallic ſtate“, 
| Alkalis, aſſiſted by the action of water, oxydate and diſſolve 
this ſemi-metal® ; it is capable of uniting with lead, copper, 
iron, ſilver, and forms granulated, greyiſh and very friable al. 
loys. Laſtly, When combined with ſulphur, it conſtitutes the 
ſulphure of molybdena, a compound which is perfectly fimilar 
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* A paper of Mr, Hielm on this ſubje& has been lately publiſhed in the Four 

; nal de Phyſique for May 1789, tranſlated from the Swediſh Tranſactions, It con- 
tains an account of the habitudes of the oxyd of molybdena with ſome of the me. 

tals, and an account of ſome trials to reduce it. The regulus, which was ſent to 

| | Bergman, was obtained as follows: Vegetable alkali was neutralized by repeated 
$50 ſuſions with bullock's blood; the earth of molybdena was heated with a ſmall 
. | quantity of greaſe, which gave it the appearance of a black powder, Equal part 
i: | of this alkali and of microcoſmic ſalt, together with a ſmall quantity of black flut, 
| | were uſed for the reduction, common falt being uſed ſometimes to cover the 
whole, and ſometimes mixed with it. The fuſion was made in a covered and lut. 

ed crucible, expoled to the heat of a good furnace for tfrernl hours.-\ote of fl 

5 Trasſſator. 
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to the ore of this metal, improperly known by the names of 
8 mybd:na and petelot e. As it is this laſt ore which has been 
© the ſubje& of the experiments of Scheele, and as it is with this 
mineral, which is much better known than the metal it con- 
© tains, that this chemiſt prepared the acid of molybdena, we ſhall 
proceed to examine its properties more at large. 

* Poxelit, or native ſulphure of molybdena, expoſed to heat in an 
open veſſel, gives out ſulphur, and evaporates almoſt totally in 
te form of a white ſmoke: expoſed to the flame of a lamp, urged 
by a blow-pipe, in the metallic ſpoon, it emits the ſame fumes, 
which are condenſed into yellowiſh cryſtalline blades, and. aſ- 
ſumes a blue colour, by the contact of combuſtible ſubſtances. 
W Pelletier having calcined the ſulphure of molybdena in a 
W crucible covered by another crucible, obtained white, brilliant, 
needle-formed cryitals, fimilar to thoſe which are called the 
very flowers of antimony, This ſublimed oxyd of molyb. 
dena already poſſeſſes the characters of an acid; but this pro- 
@ ceſs would be too tedious and expenſive to be uſed in the pre- 
W paration of the acid of molybdena. 

S Saline earths and fixed alkalis, fuſed with the ſulphure of 
molybdena, diſſolve both the ſulphur and the metal. 

= Some acids produce remarkable alterations in this ore. 

The concentrated ſulphuric acid oxydates or calcines the me- 
tal, and flies off in the form of ſulphureous acid, by the aſſiſt- : 
ance of a boiling heat, 

# The muriatic acid has no action on this mineral. 

S# The arſenical acid, diſtilled from the ſulphure of molybdena, 
yields its oxygen to part of the ſulphur, which becomes ſul. 
{ phureous acid. It is volatilized in the form of orpiment with 
part of the ſame ſulphur, changes a portion of the molybdena 
- WT to the molybdic acid, and leaves the greateſt part in the me- 
"-- WT tallic ſtate. Pelletier concludes, from this experiment, that 
molybdena exiſts in the metallic ſtate in its ore. 

By diſtilling 30 ounces of nitric acid diluted with water, 
from 1 ounce of molybdena, at five ſucceſſive operations, that 
is to ſay, 6 ounces of the acid at a time, a great quantity of 
ditrous gas is diſengaged, and a white powder remains in the 
retort, which muſt be waibed with a ſufficient quantity of cold 
Uſtilled water to carry off the foreign acid, which is ſoluble 
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at this temperature. After the edulcoration, there remain fx 
drachms and a half of the pure molybdic acid. Scheele, to whon 
this diſcovery is due, thinks that the nitric acid ſeizes phlogiſton, 
and eſcapes in red vapours; it likewiſe burns the ſulphur 
which exiſts in the molybdena, and hence it is that the wate 
employed in waſhing the acid of molybdena contains ſulphuric 
acid; which may be obtained in a concentrated ſtate by evaye. 
ration, and holds a ſmall quantity of molybdena in ſoluting, 
This ſubſtance gives a blue colour of conſiderable brilliancy it 
the liquor. We are of opinion, that, in this operation, as wel 
as in all thoſe in which the nitric acid, diſtilled from any ſub. 
ſtance whatever, reduces it into the ſtate of acidity, the formet 
is decompoſed ; and that it is to the ſeparation of the oxyga 
of the nitric acid, and its fixation in the molybdena, that the 
diſengagement of the nitrous gas and the formation of the ſul, 
phuric and molybdic acids are owing. 

The acid of molybdena, obtained by the proceſs we have juſt 
deſcribed, has the form of a white powder, of a ſlightly aci 
and metallic taſte, When heated in the ſpoon by the blow. 
pipe, or in the crucible with the contact of air, it is volatile 
in a white fume, which is condenſed in needle-formed cryſtals 
at the ſame time that part is melted on the ſides of the eri 
cible : notwithſtanding the edulcoration, it retains a portion df 
ſulphureous acid, which a ſtrong heat completely diſengages. 

This acid is ſoluble in boiling water. Scheele diffolved-1 
ſcruple in 20 ounces of water: this ſolution has a fingulary 
acid and almoſt metallic taſte ; it reddens the tincture of tum 
ſole, decompoſes the ſolution of ſoap, and precipitates alkaline 
ſulphures, or /ivers of ſulphur. It becomes blue and conſiſlent 
by cold. 

The molybdic acid diſſolves in great quantities in the cot- 
eentrated ſulgharic acid, by the aflitance of heat, This ſolv- 
tion aſſumes a blue colour, and becomes thick by cooling 
Both phenomena may be made to diſappear by heat, and t. 
appear again in proportion as the fluid cools. If the combint 
tion be itzongly heated in a retort, the ſulphuric aid is vol 
tilized, and the molybdic acid remains in a dry ſtate at th 
bottom of the veſſel d. 

The nitric acid has no action on the molybdie acid. 
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ſolution affords a refidue of a deep blue colour, when diſtilled 


to dryneſs. If the fire be more ſtrongly urged, the reſidue af- 


fords a white ſublimate, and another blueiſh; a grey reſidue 
remaining in the retort. The ſublimate is deliqueſcent, and 
colours metals blue : the muriatic acid paſſes oxygenated into 
the receiver. It is eaſy to underſtand, that, in this operation, 
the muriatic acid deprives the molybdic acid of a portion of 
oxygen, and that a portion of this acid paſſes to the ſtate of 
molybdena *. 

The molybdic acid, by the aſſiſtance of heat, decompoſes the 
alkaline nitrats and muriats, by diſengaging their acids, and 
forms with their baſes neutral ſalts, whoſe properties Scheele 
did not examine. This acid likewiſe diſengages the carbonic 
acid from the three alkalis, and forms neutral ſalts with their 
baſes, 


properties of the neutral ſalts which we deſign by the names 
of molybdats of potaſh, of ſoda, of ammoniac, &c. he has ne- 
vertheleſs pointed out three, which are ſufficient to character- 
ize their ſtate of neutralization. He has diſcovered, 1. That 
fixed alkali renders the acid of molybdena more ſoluble in wa- 
ter. 2, That this ſalt prevents the acid of molybdena from 
volatilization by heat. 3. That the molybdat of potaſh falls 
down by cooling in ſmall cryſtalline grains, and that it may 
likewiſe be ſeparated from this ſolvent by the ſulphuric and 
muriatic acids f, 

The acid of molybdena decompoſes the barytic nitrat and 
muriat, The barytic molybdat, formed in theſe operations, 
is ſoluble in water. 

The acid of molybdena appears arid to decompoſe the ſul- 
phat of potaſh by a ſtrong heat. 

The molybdic acid diſſolves ſeveral metals, and aſſumes a 
dlue colour in proportion as this acid abandons to them part 
of its oxygen, It precipitates ſeveral metallic ſolutions, &c. 
Klaproth has found it combined with lead in a yellow ſpathio 
pre of _ 


4 * 


Though Scheele has not made us acquainted with all the 
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NOTES ON CHAPTER vn. 


— "*" * _ wed a hd * „ 


MOLYBDENA. 


® Molybdena, according to Mr. Hatchett, in his valuable analyſis of the Carinti. 
an molybdat of lead (Phil. Tran. for 1796), ſeems to exiſt in four different degren 
of oxygenation. The firſt is that of the black oxyd, the ſecond the blue oxyd, the 
third the green oxyd, which ſeems to be an intermediate degree between the blut 
oxyd and the fourth and laſt ſtate, that of the yellow acid. 

The affinity ef this metal for oxygen ſeems to be very weak, for very conſider 
able changes are produced in it by a very ſmall difference in the proportion of the 
acids or alkalis with which it is combined, or the temperature to which it is ex 
poſed. In confirmation of this alſo, it may be remarked, that Scheele and Il. 
mann have obſerved, that all metals, gold and platina excepted, deprive the 
molybdic acid of a portion of its oxygen, ſo as to cauſe it to become blue, Pelle 
tier obſerved, that a ſolution of molybdic acid became blue, when hydrogenou 
gas was paſſed through it. Klaproth remarked, that light, in certain circumſta. 
ces, changed the colour of molybdic acid to blue. The ſame phenomena were 
obſerved by Mr. Hatchett. Molybdic acid yields its oxygen in diſtillation to ar 
ſenic, by which the arſenic is converted into the white oxyd. The molybdic i 
alſo the only metallic oxyd which is deprived of its oxygen by diſtillation with 
ſulphat of ammoniac. 

b The fixed and volatile alkalis have no action in the moiſt way on this met], 
but they diffolve its oxyd with great facility. Molybdena enters readily into f 
fion with the fixed alkalis. If one part of this fuſed ſubſtance be melted with 
three parts of ſoda, a dark green matter is produced, which is ſoluble in water, 
With acids, this ſubſtance affords a yellow precipitate, or the acid of molyb- 
dena. 

c Twenty grains of yellow acid, diſtilled with 100 grains of ſulphur, afforded: 
black reſidue, which ſeemed to poſſeſs all the properties of ſulphure of molybdem 
Treated with nitric acid, this black matter afforded the yellow acid. 

4 A white flocky matter is precipitated when this ſolution is ſaturated with 
ſoda, which 1 is again converted into a 10 2 powder, by heating it with nitrc 
acid. 

Muriat of tin does not is any effect on this ſolution. When the fol 
tion, however, is ſaturated with potaſh, the muriat of tin is precipitated, highly 
tinged, of a blue colour; but when the acids are again added, muriat of tin bu 
no effect. 

- Fluoric acid diſſolves the oxyd of molybdena. The mixture in the heat is of 
greeniſh yellow colour ; by evaporation it becomes yellow, and when diſtilled 
dryneſs, of a greeniſh blue. The dry maſs communicates a dull graſs-green ci 
lour to the water uſed to edulcorate it and the reſidue has a beautiful gre 
colour. 

Boracic acid, in the moiſt way, has no as; on oxyd of molybdena. Tit 
phoſphoric diſſolves it by the aſſiſtance of hgat, and affords, by the evaporation 6 
its watery parts, a blue ſolution, 
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Tartaric acid diſſolves readily, by the aſſiſtance of water and heat, the oxyd of 

lis metal, and affords by evaporation a blue ſolution. The evaporated mals is of 
le blue. vi 

Due acid and water ſorm with oxyd of molybdena a beautiſul blue ſolution, 

which preſerves its colour during evaporation. Diluted with a little water, it 

becomes green, with a larger quantity, dark brown. 

Acetic and benzoic acids form beautiſul blue ſolutions with the aſſiſtance of 
water and heat. | 

Pruſſian alkali precipitates the oxyd of molybdena from its ſolution in acids of 
\ brown colour; the infuſion of gall nuts, of a dark brown colour. 

e The nitric and concentrated acetic acids decompoſe the molybdat of potaſh. 
The molybdic acid is diſengaged from this combination ſometimes in the form of 
a white powder, and at other times in the ſtate of a liquid. Perhaps this depends 
on a difference in the degree of oxygenation, as this metal appears to become 
more ſoluble in proportion to its oxygenation, | T8 

Molybdat of ſoda cryſtallizes by evaporation, partly into broad tender ſpiculz, 
and partly into dendritical cryſtals. It is very ſoluble in water, and is decompoſ- 
ed by the ſame acids as molybdat of potaſh, 

Molybdat of ammoniac does not afford any regular cryſtals by evaporation, but 
Worms a white pulverulent magma. This ſalt is decompoſed in the fire, the mo. 
bdic acid remaining in the retort. | 
Lime forms with this acid a very inſoluble ſalt. It is precipitated by adding 
olybdic acid to lime water. The ſulphuric, nitric, and muriatic acids, decom- 
ode the molybdat of lime. £ | 
Magneſia forms with this acid a ſalt which is difficultly ſoluble in water, ac- 
Wording to Scheele. It is decompoſed by the ſame acids as the former. Heyer 

ſays it has a ſoapy feel and a bitter taſte. 

The molybdat of alumine is very difficultly ſoluble in water. 

With barytes this acid forms a very ſoluble ſalt. It takes this earth ſrom its 
ſolutions in nitric and muriatic acids, 

When one part of molybdic acid is expoſed in a retort with two of nitre, the 
tre is decompoſed, and molybdat of potaſh formed. 
vo parts of gold, with one of molybdena, expoſed to a ſtrong fire in a cru- 
ble, covered internally with charcoal duſt, melted together into a black brittle 
nals, By repeated meltings without the charcoal, in a covered crucible, ſome of 
e gold was ſeparated, The remaining maſs, melted with charcoal, gave a grey- 
yellow uniformly brittle maſs, Nitric acid was decompoſed by boiling it over 
is maſs. The gold was found at the bottom, and over it white oxyd of molyb- 
ans. Equal parts of theſe metals afford a brittle black yellow mixture, the ha- 
tudes of which were little different from the former, 
Equal parts of platina and molybdena melt together into hard ſhapeleſs maſſes, 
WP! 2 metallic ſplendour, and eaſily broken. 
from two parts of ſilver no round grain is produced, even after repeated melt- 
gs If the melting be performed in a covered crucible, without charcoal, a 
of the ſilver is ſeparated, which is flexible, but which in ſolution ſhows ſome 

| arks of molybdena. One part of ſilver, with two of melybdena, melted into a 
Waiformly granular brittle greyiſh maſs. The molybdena was diſſipated in the 
Im of ſmoke by expoſing this mixture to heat in contact with charcoal. 
Mercury is not amalgamated by long rubbing with molybdena. 
Lead and molybdena are not eaſily melted together, on account of the eaſy fu» 
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fidility and oxydation of lead in the fire. Two parts of lead, with one of mohy, 
dena, melted in a crucible with ſome charcoal, becomes a black and brittle maj, 

Biſmuth unites, but on account of its volatility, with difficulty, to molybden,, 

Equal parts of nickel and molybdena melt with charcoal into a light grey be, 

which is infuſible by itſelf or in borax. 

Copper melts with molybdena. The mixture is gular hes copper, nnd poſſeſſes 
malleability if the proportion of molybdena does not exceed that of the copper. 

It is doubtful whether arſenic can be united to molybdena on account of iu 
great volatility. 

Iron, of all metals, unites moſt readily, and in the greateſt quantity, with mg. 
lybdena, Equal parts melt without any loſs into a round body, The mixture i; 
hard, brittle, and of a blue grey fracture. It melts and ſwells by the blow pipe 
without emitting ſparks, Muriatic and ſulphuric acids act weakly on this mix. 
ture; aqua regia more powerfully, 

Cobalt and molybdena, in equal parts, melt together into a light grey brit 
mixture, Nitric acid attacks this powerfully in a boiling heat. The _—_ acid 
of molybdena is ſeparated from the red ſolution, 

Tin, in an equal proportion, affords a black, granular, brittle 55 ſoft maſs 
when melted with molybdena. 

The combination of zink with molybdens is difficult, if not impoſſible, fron 
its fluidity. 

The ſame is true of antimony, 

Manganſe forms a brittle and difficultly fuſible mixture with molybdena ; and 
precipitates oxyd of molybdena from its ſolution in nitric acid. Richter Neu. C. 
genft. St. I. J. 49. K. II. / 97, 104. 

5 This acid, in ſolution, has likewiſe ſome effect on metals. By boiling then 
together, it acquires a bluiſh caſt. If, inſtead of the metals, their oxyds be d- 
geſted in this acid, no blue colour ariſes. This colour is deſtroyed alſo by d- 
geſtion with nitric acid. 

Acid of molybdena precipitates filver, mercury, and lead, from their ſo 
lotions in nitric acig, It decompoſes muriat of lead, but not correſive muri 
of mercury. | 

The alkaline molyddats precipitate from their ſolution in acids, gold, mer- 
cury in oxygenated muriatic acid, zink, and manganeſe, in the form of a white 
powder; iron and tin from muriatic acid of a brown ; cobalt, of a roſe colour; 
copper, of a blue. 

Blue carmine is prepared by precipitating tin from its ſolution in muriatic acid 
by the molybdat of potaſh, The muriatic acid unites with the alkali, and the 
molybdic with the tin, to form the blue precipitate. 

Iron forms a brown-red ſolution by digeſtion in this acid. If a little ſulphuric 
acid be added to the ſolution, the molybdic acid is ſeparated, and remains dil 
ſolved in the liquor. Sulphat of iron is decompoſed by double affinity with mo- 
lybdat of potaſhR. The molybdic acid alone does not produce this effect. 

Copper forms a blue-green ſolution with molybdic acids. Sulphuric and nitti 
acids produce no apparent change in this ſolution ; but no inference reſpecting tht 
decompoſition can be inferred from this circumſtance, as ghe colours of the molyb- 
dat, ſulphat, and nitrat of copper, are nearly the ſame. 

Lead, in the ſtate of an oxyd, is acted upon by molybdic acid; but this combi 
nation is again decompoſed by the mineral acids, It is till more inſoluble in watt! 
than ſulphat of lead. This property affords a ready teſt for diſcovering the pie 
ſence of lead in liquors. If two or three drops of a ſolution of pitrat of lead be 
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mired with à quart of pure water, and a little of an alkaline molybdat dropped 
into the liquor, a white precipitation is immediately produced. This precipitate, 
which is molybdat of lead, is not acted upen by any of the vegetable acids. 
nis ſalt does not deliqueſce in the air, and is on that account to be preferred to 

the uſual teſt for trying the purity of wines. X 
MI. Hatchett has given a full and accurate analyſis of the native molybdat of 
lead. According to this chemiſt, the native molybdat of lead readily with 
the blow-pipe into a dark coloured maſs, in which ſome ſhining icles of lead 
are to be perceived. With borax it forms a browniſh-yellow globule, and oc- 
caſionally a glaſs, which is of a greeniſh, and ſometimes of a deep blue. With 
phoſphat of ammoniac and foda, it forms a ſea-green glaſs, which, in proportion 
to the quantity of ore, varies to a deep blue, | 

Molybdat of lead is inſoluble in water. Fixed alkalis and their carbonats de- 
compoſe it in the dry and humid way, but ammoniac does not ſeem to have any 
eſſect. 7 

Molybdat of lead, diſtilled with three parts of ſulphur, affords a black powdery 
reſiduum, which is greaſy to the touch, and ſoils the fingers like molybdena. 

Molybdat of lead is diſſolved by digeſtion in muriatic acid. Muriat of lead is 
depoſited by evaporation, and the molybdic acid remains ſuſpended in the ſo- 
lution. 

Molybdat of lead is decompoſed by boiling it with concentrated ſulphuric acid. 
The ſulphat of lead which is formed remains at the bottom, while the molybdie 
acid is ſuſpended in the exceſs of the ſulphuric acid which is employed, and com- 
municates to it a blue colour. 

Digeſted with nitric acid, a great part of the molybdat of lead is diſſolved. In 
the ſolution white flocculi appear, which may be ſeparated by a filter. When 
dried, theſe flocculi form a membranous kind of ſubſtance, which becomes bluiſh 
when expoſed to the light, and which has a ſtrong reſemblance to the molybdie 
acid obtained by repeatedly diſtilling nitric acid from molybdena. It does not, 
however, appear poſſible to decompoſe the molybdat completely by means of this 
acid, 

The habitudes of molybdat of lead with neutral ſalts are as yet but little known. 
© The molybdic acid ſeems, however, to be capable of forming triple ſalts with the 
different acid combinations of ammoniac. During this combination, a portion of 
the ammoniac is decompoſed. While one part of it eſcapes under the form of 
azotic gas, the other combines with the hydrogen of the molybdic acid to form 
water, 

Nitrat of filver is not decompoſed by the addition of ſimple molybdic acid, 
but an extremely white precipitate is immediately produced by the addition of 
an alkaline molybdat, This precipitate, which is difficultly ſoluble in water, diſ- 
ſolves readily in nitric acid. 

A ſolution of gold in aqua regia, or in oxygenated muriatic acid, is not changed 
by molybdic acid, but a beautiful yellow coloured powder is precipitated by the 
addition of an alkaline molybdat. This ſolution, which is partly ſoluble in water, 
wholly ſo in common muriatic, or in diluted nitric acid. 

Platina diſſolved in aqua regia, and mixed with a ſolution of an alkaline mo- 
lybdat, ſpeedily affords a red precipitate, which is ſoluble in from 80 to 100 times 
its weight of water, It is not acted upon by the nitric nor muriatic acids, nor 
even by aqua regia, | 
A ſaturated ſolution of mercury in nitric acid is decompoſed by the addition of 
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an alkaline molybdat. The precipitate requires from 500 to 600 parts of wy, 
to diſſolve it. The molybdat of mercury is decompoſed by the nitric acid, 

The ſulphat, nitrat, and muriat of zink are not decompoſed by molybdic ay 
but theſe ſalts are immediately decompoſed by the addition of an alkaline molſd 
dat. The precipitate formed is extremely inſoluble in water. The molybdat d 
zink is decompoſed by ſulphuric, nitric, and muriatic acids. 

— S200 FREE is not decompoſed by an alkaline wy 
Iybdat. 

The ſolution of biſmuth in a mixture of ſulphuric and muriatic acids afford, , 
citron yellow precipitate by the addition of an alkaline molybdat. This precig, 
tate requires 500 parts of water for its ſolution. It is ſoluble alſo in nitric a 
muriatic acids, but may be again produced by diluting theſe acids with water, 

The ſolution of cobalt in muriatic acid is not changed by molybdic acid, but 
is completely decompoſed by an alkaline molybdat. The molybdat of cohal; 
which is of a roſe colour, requires 100 parts of water for its —— I is &. 
compoſed by the ſulphuric, nitric, and muriatic acids. 

A ſaturated ſolution of nickel in muriatic acid is decompoſed by an alkaline m1. 
Iybdat. The precipitate, which is of a white colour, approaching ſomewhat u 
an apple green, is extremely difficult of ſolution in water. 3 of nickel z 
decompoſed by ſulphuric, nitric, and muriatic acids. 

A ſaturated ſolution of manganeſe is readily decompoſed by an alkaline wol. 
dat. The molybdat of manganeſe is of a browniſh-white colour, and is ſoluble 
from 40 to 50 times its weight of water, It is decompoſed by ſulphuric, nitit 
and muriatic acids. 

Sulphat and muriat of uranium are decompoſed only by the alkaline molybdu, 
The molybdat of uranium varies in its colour from a white to a yellow, and ſome. 
times to a brown. It is ſoluble in 100 parts of water, and is decompoſed by the 
ſulpburic, nitric, and muriatic acids. Pelletier, Journ. de Phy, Tom. XXVII. 
434. Jſlemann, Crell's An. 1787, B. I. ſ. 407. Heyer Crell's An. 1787, B. II. u, 
124. Napreth : Beitrage, B. II. . 265. 
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CHAPTER VIII. 
CONCERNING TUNGSTEN AND THE TUNGSTIC ACID. 


Tus mineral named Twngsten by the Swedes, and. called Pen- 
derous flone, lapis ponderoſus, by ſeveral naturaliſts, and in par- 


ticular by Bergman in his Sciagraphia, was conſidered by 
Cronſtedt as a ſpecies of iron ore, and diſtinguiſhed by him 


under this deſcription : ferrum calciforme terr4 quddam incognita 
intim> mixtum. Moſt of the German naturaliſts arranged it 
among the ores of tin, under the name of white tin crystals, or 
tin ſpar ; and in almoſt all collections of natural * it was 
exhibited as belonging to that metal. 

The accurate analyſis of this mineral was not attempted 
before Scheele; this chemiſt having examined this pretended 
tin ore, diſcovered by his experiments that it was compoſed of 
a peculiar acid united to lime. Bergman likewiſe found the 
© ſame reſults by a connected ſeries of experimental inquiries. 
This diſcovery was made in the year 1781. The Swediſh 
chemiſts, from an examination of the properties of this mine- 
ral, were of opinion, that the acid which it contained was me- 
tallic. 

Since this time Meſſrs. D'Elhuyar *, of the Royal Society 
of Biſcay, Mr, Angulo, of the Academy of Valladolid, and 
Mr. Crell, having repeated the experiments of the Swediſh 
chemiſts, and confirmed their reſults. After the definition we 
have given of this natural ſalt and its acid, we muſt obſerve 
that that which the Swedes called Tungſten is a ſalt formed by 
the tungſtic acid and lime. We adopt this name of tungſten 
for the ſemi-metal, which appears to be the baſe of this acid, 
and we ſhall call this ſpecies of mineral the native tungstat of 
lime, 

Meſſrs. D'Elhoyar, of the Biſcayan Society, have diſcovered 
that wolfram, which was formerly conſidered as a poor ore of 
iron, is a combination of this acid of tungſten with manganeſe 
and iron. They obtained a peculiar regulus from this ſemi. 


Wolfram, publiſhed in London in the year 2785. 


* The name is ſpelled De Luyartt in Cullen's tranflation of their Atalyfs of 
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metal. The wolfram they uſed fame from the tin mine 9 
Zinwalde. It is in compreſſed hexahedral priſms ; it has th. 
metallic brilliancy, plated fracture, and may be cut with , 
knife. It contains in the 'quintal 22 parts of black oxyd d 
manganeſe, 12 of the oxyd of iron, 64 of the tungſtic acid, ay 
2 of quartz. The native tungſtat of lime from Schlecks. 
walde in Bohemia, contains, according to them, 68 parts d 
tungftic acid, and 30 of lime. / 
Theſe are the two known ores of the new ſemi-metal which 
we call tungſten, _ Meſſrs. D'Elhuyar fuſed 1 part of . wolfrag 
with 4 parts of the carbonat of potaſh ; they lixiviated this mix 
ture: the water diſſolved the tungſtat of potaſh, or combing 
tion of the alkali with the acid of tungſten, and they precigi 
tated this acid in the form of a yellow powder, by the add. 
tian of nitric acid. This precipitate, urged by heat in a cr, 
cible. with charcoal, afforded a metallic button compoſed of 
nymber of ſmall friable globules. The following are the pro- 
perties obſerved i in this new ſemi-metal : a conſiderable ſpeci 
fic gravity, though never exceeding 17,9 ; very great inful- 
bility, which appears to exceed that of manganeſe z : indifloly- 
bility in the three ſtrongeſt acids, and even in the nitro-muriz 
tic acid; an eaſy union with ſome metals, particularly with 
1 iron and ſilver, whaſe properties it ſingularly alters; a facility 
17 | of oxydation, by which it is converted into a yellow ozyd 
which becomes blue by heat; it is indiſſoluble i in acids, ſoluble 
in alkalis, remains ſuſpended in water by trituration, and re: 
ſembles an emulfion. Though ſome of theſe characters be + 
nalogous to thoſe of molybdena, as Bergman and Scheele ha 
before [ſhown in the molybdic : acid, their union is neverthelel 
ſpfficieat to cauſe tungſten to be conſidered ag A peculiar ſemi 
metal. But many experiments are {till wanting for the era 
determination'of all its properties. ; 
The chemiſts who have employed themſelves on this inqui 
have | made many more refearches on the native tungſtat of 
lime, "than an the ſemi metal which Meſſrs, D D*Elhuyar have 
obtal ed. In order to exhibit the whole of their diſcoveris 
| on this is mineral, it is it is "neceſſary that we ſhould dwell for ſomt 
time on, its properties. 


= The tungſtat of native lime has been hitherto —_— it i 
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ound in the iron mines of Bitzberg, in the tin mines of 
Schlecken walde in Bohemia ; and moſt of the white tin eryſ- 
tals of Sauberg near Ehrenfrienderfdorf, are tungſtat of lime: 
ſo that, by aſſaying the white tin eryſtals, preſerved inicollec-- 
tions, by the methods we ſhall point out, it will be eaſy to 
diſcover ſome ſamples whoſe nature was not ſuſpected. I 
The tungſtat of lime is not ſenſibly altered by heat; it de- 
crepitates, and is reduced to powder by the action of the blow- 
pipe, but it does not melt. The blue flame colours it ſlight- 
| ly, and nitre deprives it of this colour. \ 

Boiling water has nb action upon the powder of this metal- 
lic ſalt, and it is perfectly inſoluble. The action of the air, 
earths, the ſalino-terreſtrial ſubſtances; and the cauſtic alkalis 
up6n this ſubſtance, are not known. x | 
The ſulphurie acid, heated and diſtilled upon the native 
ungſtat of lime, comes over without alteration; the reſidue 
aſſumes a bluiſh colour j by walking with boiling water, a 
mall quantity of -calcureous ſulphat is obtained, which proves 
bat this ſubſtance contains lime, and that the ſulphurk _— 
decompoſes only à very ſmall portion. 

Diluted nitric acid acts upon this ſalt by the aſſiſtance of 
eat, but without ſenſible efferveſcence, This acid gives it a 
yellow colour, whieh' diſtinguiſhes it from the true ore of tin, 
id it decompoſes this ſubſtance by ſeizing its lime; about 
welve parts of nitric' acid in the ſtate of ordinary Aborte 
required for the complete decompoſition of one part of cal- - 
reous tungſtat. Scheele performed this operation at ſeveral” 
peated times. Aſter the action of three parts of weak nitrie 
id upon one part of this neutral ſalt, he pours two parts of 
uſtic ammonizc upon the powder, which the nitrie arid had 
hanged to a yellow colour. It becomes white by the action 
f the alkali ; and he repeats this ſucceſſive action of the acid 
d the alkali, until the whole of the calcarevis* tungſtat is 
— diſſolved. From four ſeruples, treated in this man- 
er, he had three grains of reſidue, which' appeared to be ſili- 
ous. By precipitation from the nitric aid employed in this 
lution, by the addition of the pruſſiat of 'potaſb} and aſter- 
rds by potaſh itſelf, he obtained two grains of-pruffist-oF 


Pon or Pruſſian blue; and'6fty-three grains of chalke the un- 
P. II. b | 
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moniac, by the addition of nitric acid, afforded an acid pree;, 
pitate. In this experiment, the nitric acid deeompoſes the cal. 
cercous tungſtat by ſeizing the lime; and the tungſtic acid 
which is ſet at liberty by this decompoſition, is ſeized by thy 
ammoniac. The ammoniacal ſalt formed by this laſt ſoluti 
is decompoſed by the nitric acid, which has a ſtronger affinity 
with the ammoniac than this laſt has with the tungſtic acid 
As this laſt acid is much leſs ſoluble than the ammoniacal tung 
ſtat, it falls down, in proportion as it is ſet at liberty, in the 
form of a white powder. This powder is lixiviated with coli 
diſtilled water, in order to have the ho acid in a flate i 
purity. 

This -e Abts bo abtaicnd dh anathes; a 
which Scheele employed with equal ſucceſs. One part of u. 
tive calcareous tungſtat in powder is fuſed in an iron crucible 
with four parts of carbonat of potaſh.; this maſs is lixiviatel 
with twelve parts of boiling water, and nitric acid is pourei 
on until there be no more efferveſcence. It is fuſed a i 
cond time with four parts of carbonat of potaſh, waſbel 
with water, and treated with nitric acid till the / effervel 
cence ceaſes entirely; at which time there remains only i 
ſmall portion of filex, and all the tungſten is decompoſed, 
In fact, during the fuſion the potaſh ſeizes the tungftic aci, i 
with which it forms a peculiar neutral ſalt, while the ca. 
bonic acid unites to the lime, which it changes into chalk 
When the melted maſs is lixiviated, the water difolvs i: 
the tungſtat of potaſh, which is much more ſoluble tha Wi; 
the chalk, which remains alone; the nitric acid,  eaploy- 
ed afterwards, diſſolves the chalk with efferveſcence, withon WW: 
affecting that portion of calcareous tungſtat which the in 
four parts of alkali did not decompoſe. At the ſecond opers 
tion, the ſalt being completely decompoſed by the other for 
parts of carbonat of potaſh, the nitric acid ſeizes all the chalk; 
ſo that, by the aſſiſtance of eight parts of fixed alkali and: 
ſmall quantity of aqua-fortis, ſucceffively employed, the pri WW 
ciples of calcareous tungſtat are entirely ſeparated ; its ate 
is united with the potaſh, and its lime combined with the 1 
tric acid. By precipitating the calcareous nitrat by potalh, tht 
quantity of lime contained in the calcareous tungſtat made ui 
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of comes to be known; and nothing more remains to be done 
but to ſeparate the tungſtie acid which is united to the fixed 
alkali. For this purpoſe, the proceſs deſcribed in the firſt ex. 
is made uſe of. A ſufficient quantity of nitric-acid 
is poured into the lixivium of the melted mixture of tungſtar 
of lime with the carbonat of potaſh'; this lixivium becomes 
turbid and thick, becauſe the nitric acid having a ſtronger af. 

inity with the fixed alkali than the tungſtie acid has, this laſt 
is precipitated -in powder, and the liquor holds nitre in ſolu- 
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and affords the pure'tungſtic acid in the form of a white pow. / 

der, as in the firſt operation. This proceſs is even preferable - 
to the other, becauſe more eaſy and leſs expenſive *, . 
The muriatie acid acts upon calcareous tungſtat in the ſame 
manner as the nitric acid does, and decompoſes it with the 


man recommends it for aſſaying and m this earthy 
ſalt. | 
The tungſtic acid obtained by either of theſe three procefles © 
has, as we obſerved, the form of a white powder. By the 
blow-pipe it becomes yellow, brown, and black, without melt- 
ing or volatilizing. - It is ſoluble in twenty parts of boiling 
water ; the ſolution has a cond calle, and reddens the tinQure 
of turnſole b. 

The tungſtic acid appears to form with barytes a ſalt abſo- 
lutely inſoluble in water; and with W another ſalt of 
tha BS difficult ſolution. 
loj- When its ſolution is poured into lime water, it produces a 
hon wall precipitate, which is greatly increaſed by heat, and con- 
int ats of regenerated: calcareous tungſtat, according to Scheele ©. 
Jett The tungſtic acid ſaturated with potaſh affords a ſalt which 
four BW falls down in very ſmall cryſtals, whoſe form has not yet been 
al determined 4, Scheele does not ſpeak. of its combingtion with 
nd oda. According to him, it forms with ammoniac a ſalt in 
pri. the form of very ſmall needles: this ammoniacal tungſtat, when 

on g<xpoled to heat in a retort, lets the ammoniac eſcape, and the 
e 0)  tungſtic acid remains in the form of a dry yellowiſh powder: 


1, the Bi the ſame ſalt decompoſes calcareous __ and again forms the 
e ue twog ſtat of lime ©. 
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tion, The precipitate is then to be waſhed with cold water, 


ſame energy; and, as it produces a deeper yellow colour, Berg- 
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The tungftic acid, heated with the ſulphurie acid, aſſumes 2 
bluiſh colour; with the nitric and muriatic acids, it become 
a lemon yellow; with alkaline ſulphure, it affords à green pre. 

cipitate, Scheele has not a the cauſe of theſe * 
of colour. 

This chemiſt having "ry that the tun gltic wid readily 
becomes coloured by combuſtible ſubſtances, and itſelf gives z 
blue colour to vitreous fluxes, ſuch. as borax, &c. heated this 
acid in a crucible with lintſeed: oil; hut he did not obtain me. 
tal, and the acid was only blackened. Bergman, however, wa 
of opinion, from the conſiderable ſpecific gravity. of this. acid, 
its coloration, by inflammable bodies, and its precipitation by 
the pruſhat of potaſh, or Pruſſian alkali, that it is of metallic 
origin. We have already mentioned the proceſs by. which 
Meſſrs. d'Elhuyar ſucceeded in reducing the tungſtic oxyd ob 
nature of this acid is no longer a problem“. 
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a N. has propoſed a different method of preparing this cid. Two puts 
of wolfram, finely pulverized, are to be mixed with ſeven parts of pure nitrat d 
potaſh, A quantity of this mixture, ſufficient to fill one third of the crucible uſtd 
is to be expoſed in it to a gradually increaſed heat till it fuſes. It is then to be 
poured out on a tile which has been previouſly greaſed, or on a copper plate. Thi 
maſs is to be pulverized when cold, and agitated in fix times its own quantity d 
water, After having been kept warm for ſome hours, and frequently ſtirred, it 
is to be filtered. Sulphuric acid is then to be added to the filtered liquor fo long 
as it continues to afford a white precipitate. This precipitate, which is the tung 
ſtie acid, is to be waſhed and dried. 

b Klaproth, in the memoir formerly quoted, remarks, that this is true of the 
acid only when recently prepared and moiſt ; for, after it had been completely 
dried, not leſs than 1 50 parts of water were required for its ſolution. The taſt 
of this ſolution, he alſo remarks, is rather diſagreeably metallic than acid. 

It occaſions alſo an immediate precipitation in the muriatic ſolutions of lin! 
and harytes, Tungſlic acid has no effe& on the ſolutipns of iron and copper i 
acids, but it precipitates ſilver, mercury, lead, and tin. With ſolutions of alkaline 
ſulphures it gives blue precipitates. Gren's Handbuck der Chemie, Wolfram-metal. 
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d This flt is aid to contain at all times an exceſs of alkali. lt is decompoſed 
by the nitric acid. | 
e It is the acid in this ſalt that ſeems to be in exceſs, for the ſolution gives a red 
colour to paper tinged with litmus. Tungſtat of ammoniac decompoſes the ſul- 
phats of iron, copper, zink and alumine, muriat of mercury, and the acetats of lead 
and copper. With lime water it produces tungſtat of lime. It is decompoſed by 
ſulphuric, nitric, and muriatic acids. The precipitate by the firſt acid is of a blue, 
that by the two latter, of a yellow colour. Pruſſiat of alkali occaſions no preci- 
pitation. According to Pelletier, muriat of tin takes a portion of oxygen from 

the tongſtic acid. Pelletier Arn, de Chem. T. XII. p. 232. 

Mor veau has lately diſcovered that the tungſtic mene 
fo fixed as net to be ated on even by the oxygenated muriatic acid. 1 

Scheele, Bergman, and Gmelin, did not ſucceed in their attempts to procure 
this ſubſtance in its metallic ſtate. Rlaproth tried to reduce the yellow oxyd with 
a variety of combuſtible ſubſtances, but without ſucceſs, Klaproth, Crell*s Anal. 
2786, B. II. . 502, Clin, do. do. ſ. 3, 114. 5 a 

Ruprecht and Tondy ſay they have obtained this metal, by uſing combuſtible 
ſubſtances alone, and by a mixture of combuſtible and alkaline ſubſtances. Al. 
& Chem, Tom. VIII. p. 4. 

The following proceſs is recommended by Richter. Equal parts of tungſtic acid 
and dried blood are to be expoſed for ſome time to a-red heat. The black powder 
which is formed is to be preſſed into another ſmaller crucible, and expoſed again 
to a violent heat for at leaſt an hour, Tungſten will then, according to Richter, 
be found in the crucible in its metallic ſtate, This author very properly objects to 
the uſe of alkalis, or alkaline ſalts, in this proceſs, as they are apt to form neu- 
tral ſalts with the tungſtic acid, and in this way to prevent its reduction. From 
the facility, however, with which Ruprecht aud Richter ſeem to have obtained 
this metal, it may fairly be queſtioned whether it was entirely free of all admix- 
ture. Richter Ucher die New. Gegenſtande der Chem. Stuck. I. . 49. 

For a farther account of this acid the reader may conſult Scherle's Chemital 
Eſeys, Bergman's Opuſeula, Keir's Chemical Di#tionary, and the Chemical Analyſis of 
2 by Don Jeſepbh and Den Fauſto de Luyart. 
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CHAPTER IX. 


CONCERNING COBALT, 


Conair, or cobolt, is a metal of a reddiſh-white eolour, and 
cloſe grain, ſo brittle as to be eaſily reduced into powder hy 
the peſtle. Weighed in water, it loſes about the eighth of it 
weight; its ſpecific gravity is about*7,700, according to Berg. 
man . It cryſtallizes in aggregates of needles placed peat 
other“ » 

Cobalt has never r been found pure and native, but it is d. 
moſt always calcined and united with arſenic, the arſenic acid, 
ſulphur, iron, &c. The following are the principal ores f 
cobalt, diſtinguiſhed, according to their — parts, by 
Bergman and Mongez. _ 

I. Native cobalt, combined with arſenic. This ore is ſolid, 
grey, ponderous, has little brilliancy, and is granulated in it 
fracture. It gives ſparks with ſteel, and becomes black in the 
fire. The nitric acid diſſolves it with efferveſcence ; and it 
forms a ſympathetic ink with the muriatic acid. . 

2. Cobalt in the ftate of an oxyd. This ore, which appean 
to conſiſt of cobalt oxydated by an acid, is uſually of a blackif 
grey, ſometimes fimilar to lamp- black, often friable and pul. 
verulent; it ſoils the fingers. When compact, its fracture pt. 
ſents roſe- coloured ſpots; it ſometimes reſembles ſcoriæ d 
glaſs, whence it has been called vitreous ore of cobalt by un 
naturaliſts. This ore does not contain arſenic when it is pure, 
but 1s frequently mixed with martial ochre, 

3. Cobalt united to the carbonic acid: flowers of alal, 
red, roſe-coloured, or the colour of peach bloſſoms. The arſe 
nical acid diſcovered in it by Bergman and Mongez give it thi 
colour. This ore is either in maſſes, in powder, in a ſtriated 
effloreſcence, or in four - ſided priſms, with ſummits of tw 
faces. Its colour is deſtroyed by fire, in proportion as the u. 
ſenic acid is diſſipated, 

4. Cobalt united to iron and Aas acid: ſpecular er: i 


cobalt ;- it is very improperly called fulphureous cobalt, finct 
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it does not contain ſulphur, but a ſmall proportion of ſulphu- 
ric acid. This ore is white, or grey, and very brilliant. It is 
the richeſt of any, and often gives fire with ſteel. 9 

5. Cobalt united to ſulphur, arſenic, and iron. This mine- 
ral is called white or grey cobalt ore. It is of a whitiſh grey, 
cryſtallized in cubes, either entire or truncated, ſo as to form 


ſolids of fourteen, eighteen, or twenty-ſix facets. Its fracture 


is lamellated and ſpathoſe ; it ſometimes has dendrites on its 


ſurface, reſembling fern; in this ſtate it is called nit cobalt. 
The white ores of cobalt are frequently without any- regular 
cryſtallization ; but they are always known by their whitiſh 


grey colour, their weight, which is leſs than that of the pre- 


ceding ores, and by the red effloreſcence they almoſt always 
have on their ſurface, 

To aflay cobalt ore, it is pounded, waſhed, and afterwards 
roaſted, to diſſipate the arſenic. The cobalt remains in a ſtate 
of black oxyd, more or leſs deep with reſpe& to colour; this 


is mixed with three parts of black flux, and a ſmall quantity 


of decrepitated marine ſalt; the fuſion is performed by a forge 
heat in a covered crucible, which muſt be ſlightly agitated to 


precipitate the metal as ſoon as the fuſion is complete. The 


metallic button is ſometimes found to conſiſt of two diſtinct 
ſubſtances, cobalt being uppermoſt, and nm beneath z a 
ſtroke of the hammer readily ſeparates them. | 

Modern mineralogiſts, eſpecially Bergman aa 83 pro- 
poſe to aſſay cobalt ores by the nitric acid. The cobalt and 
the iron are by this means diflolved, and are precipitated by 
the addition of carbonat of ſoda ; the cobaltic precipitate is to be 
afterwards diſſolved by the acetous acid. Scheffer adviſes try- 
ing the colouring quality of cobalt ores, by fuſion with three 
parts of potaſh, and five of powdered glaſs. 

In the large works, cobalt is not extracted in the metallic 
form : after pounding and waſhing the cobalt ore, it is roaſted 
in a furnace, which terminates in a long horizontal flue, that 
ſerves inſtead of a chimney. In this flue, the oxyd of arſenic 


being ſublimed, becomes condenſed into the ſemi-vitrified ſub- 


ſtance, which is improperly called white arſenic. If the ore 

contain biſmuth, this very fuſible metal is collected at the bot- 

tom of the furnace; the cobalt remains in the ſtate of an ob- 
P ity 
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ſeure grey oxyd, called zafre. The zaffre, in commerce, i 
never pure, but is mixed with three times its weight of yl, 
verized flints. In this ſtate, if it be expoſed to 8 Rrong fn, 
it melts into a glaſs, of a dark blue colour, called ſinat. This 
is reduced to powder in mills, and mixed with water: 
firſt portion which falls down is the largeſt grained, and is ball 
ed coarſe /malt ; the turbid water being decanted off, | affords ; 
ſecond precipitate; and this decantation is repeated four ting 
in the whole: the laſt depoſition, which is finer than the ref, 
is improperly called azure of four fires. This azure is uſed i 
many arts to give a blue colour to metals, glafles, &c, 

The zaffre of commerce, fuſed with three times its weight 
of black flux, a ſmall quantity af tallow and marine ſalt, affors 
the ſemi-metal, known by the improper name of regu/us of a. 
balt. The reduction of zaffre is very difficult, A large qua. 
tity of flux muſt be uſed, and the crucible muſt be kept a con 
fiderable time in a white-red heat, that the matter may becom 
very fluid, and that the ſcoria may be completely fuſed into 
eee bottom, in the 
form of a button. 

Cobalt, expoſed to heat, ones not melt till it is well ignited 
This metal appears to be very fixed in the fire, and it is nd 
known whether it can be yolatilized in cloſe veſſels, If it be 
ſuffered to cool {lowly it cryſtallizes in needle-formed priſms, 
placed one on the other, and united in bundles. It confider- 
ably reſembles maſſes of baſaltes, which are ſeparated. fron 
each other, as Mongez obſerves. To ſaccecd in this cryſtall. 
zation, the cobalt muſt be melted in a crucible till it appear 
to boil; and when the ſurface of the ſemi-metal becomes fixed 
14 on withdrawing it from the fire, the veſſel is to be inclined. 
| 5 . The metal, which ſtill remains fluid, runs out; and that pot 
mY. tion which adheres to the ſides of the kind of geodes, formel 
| it by the cooling of the ſurface of the cobalt, is found to be c 
i} il vered with cryſtals. 

5 Cobalt, melted and expoſed to the air, bene n 
I | | a dull pellicle, which is an oxyd of the ſemi-metal, formed by 

* its combination with oxygen. A larger quantity of the oy 
8 of cobalt may be more eaſily had, by expoſing the pulyerized 
Ii Lemi-meta), in a ſhallow veſſel, under the mule of a cu ppellung 
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{arnace, and ſtirring it up, from time to time, to renew! the 
calcining ſurface. This powder, after remaining ignited for 
ſome time, loſes its brillianey, increaſes in weight, and becomes 
black. This black oxyd requires 8 moſt violent heat to con- 
vert it into glaſs, which is then of a deep blue colour, - 

Cobalt becomes ſlightly tarniſhed by expoſure to air, and is 
not attacked by water, It does not unite with earths, but its 

oxyd combines with them, by fuſion, and forms a beautiful 
blue glaſs, extremely fixed in the fire, This property of the 
oxyd of cobalt renders it of the greateſt uſe in the art of 
painting in enamel, on porcelain, &c. 

The action of barytes, magneſia, and lime on cobalt is not 
known. Alkalis diſſolved in water manifeſtly alter it ; but theſe 
changes have not been accurately deſcribed ©. 

This metal diſſolves in all the acids, but with different phe- 
aomena, according to its own ftate and that of the acid. 

Cobalt, in the metallic tate, is not ſoluble in ſulphuric acid, 
unleſs it be concentrated and boiled. This ſolution is made in a 
glaſs phial, or retort ; when the acid is almoſt entirely evapo- 
rated, in the form of ſulphureous gas, the reſidue muſt be waſhed ; 
a portion diſſolves in the water, and communicates a roſy. or 
greeniſh colour; it is the ſulphat of cobalt. The other part 
conſiſts of cobalt, oxydated by the acid, whoſe oxygen has 
combined with the metal. Baume affirms, that by ſufficiently 
evaporating the ſulphuric ſolution of cobalt, two ſorts of cry- 
tals are obtained by cooling; the one white, ſmall, and cubi- 
&l ;-the other greeniſh, quadrangular, fix lines in length, and 
four in breadth. He conſiders theſe laſt as the ſulphat of co- 
balt. The former are produced by certain foreign matters 
united to the cobalt. The cryſtals of the ſulphat of cobalt 
molt commonly obtained have the form of ſmall needles, de- 
ſcribed by Sage as tetrahedral-rhomboidal priſms, terminated 
dy a dihedral ſummit, with rbombic faces. They are decom- 
polable by fire, and leave an oxyd of cobalt, not reducible alone. 


= -” x ww 7 3 SS - 7" 9Ua@s 


Ss © 7 © & = 


& ww 


S a K K 3 ESSE K & 


poſe this ſalt, and precipitate a roſe coloured oxyd of cobalt. 
100 grains of cobalt, diſſolved in the ſulphuric acid, afford, 
by the addition of pure ſoda, about 140 grains of precipitate ; 
and by carbonat of ſoda, 160 grains, This augmentation de» 
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Barytes, magneſia, lime, and the three alkalis, likewiſe decom- 


portion as the oxygenous principle of the acid unites with the 


ther. This ſalt is very deliqueſcent, boils up on hot coal 
without detonating, and lea ves a deep red oxyd. It is decom. 


If more alkali be added in theſe decompoſitions than is nece/ 


more ſtrongly on oxyd, forming a ſolution of a red brom, 


| decompoſed !. 


more eaſily than the muriatic, but leſs ſo than the nitric acid 
This ſolution has been long known as a /ympathetic ink, whid 


aqua regia only facilitates its ſolution and ſuſpenſion. It ws 
Formerly thought, that the green colour, produced by heat n 
the ſympathetic ink of cobalt, aroſe from the metallic ſalt bein 
cryſtallized, and afterwards attracting a ſufficient quantity i 
water from the cold air to diſſolve it, and cauſe it to diſappes 
entirely; ; but it is proved, that the muriat of cobalt, difſolvel 
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pends on the oxygen of the ſulphuric acid, which is united tg 
the cobalt; and in the ſecond” caſe, likewiſe on the carbonie 
acid, which combines with the oxyd of cobalt. The ſulphuri, 
acid, diluted with water, acts on zaffre, and diſſolves a portiat 
with which it forms ſulphat of cobalt 6. 

- The nitric acid diſſolves cobalt, with efferveſcence, by th, 
aſſiſtance of a gentle heat; nitrous gas is diſengaged, in pro. 


cobalt. When the ſolution is nearly ſaturated,” it is either d 
a roſy brown, or bright green colour. By a ſtrong evapon, 
tion, it affords nitrat of cobalt, in ſmall needles; joined tog 


poſed by the ſame ſaline intermediums as the ſulphat of cobal 


ſary to precipitate ' the oxyd of cobalt, the precipitate diſi⸗ 
pears, by ſolution in the exceſs of alkali *. 

The muriatic acid does not diſſolve cobalt in the cold, but 
takes up a portion by the aſſiſtance of heat. This acid ad 


which becomes green when heated. By evaporation, it afford 
» muriat of cobalt cryſtallized in ſmall needles, very del 
queſcent, which baren green when heated, nie fon tht 


Aqua regia, or ey AFR acid, diſſolves cobalt rather 


is not viſible unleſs heated, in which caſe it becomes of a ben 
tiful ſea-green, that diſappears in proportion as the paper he 
comes cold. This property belongs to the ſolution of tit 
oxyd of cobalt in the muriatic acid; and the nitric acid of tit 


in water, aſſumes the ſame colour when expoſed to 3 certall 
degree of heat 5, 


COBALT. 235 


The boracic acid does not diſſolve cobalt immediately; but 
when a ſolution of borat of ſoda is mixed with a ſolution of 
the metal, in one of the foregoing acids, a donble decompoſi- 
tion takes place. The ſoda. unites with the acid which held 
the metallic oxyd in ſolution, and the oxyd combining with 
the boracic acid forms a precipitate, difficult of ſolution, and 
which may be ſeparnted by filtration ®. _. " 
Cobalt has no action on moſt of the neutral ſalts. Heated 
with nitre, it is oxydated. If a mixture of one part of cobalt, 
in powder, and two or three parts of dry nitre, be thrown into 
z red-hot crucible, a ſtrong detonation does not follow, but 
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cobalt is found, converted into an oxyd of a red colour, more 
or leſs deep, and ſometimes of a green. This experiment, as 
well as many others, relating to the detonation of nitre with 
metallic ſubſtances, deſerves to be more particularly . 
ed to. 

Cobalt does not decompoſe muriat of ammoniac. Bucquet, 
who made this experiment with great care, did not obtain a 
particle of ammoniac, a circumſtance which no doubt depends 
on the ſmall degree of * which exiſts between this metal 
and the muriatic acid. | 
S The action of hydrogen gas on cobalt i is not known. Sol- 

phur unites very difficultly with this ſubſtance ; alkaline ſul- 
phures favour this combination, and produce a kind of artifici- 
al ore, of a finer or cloſer grain, and of a whiter or yellower 
colour, in proportion to the quantity of ſulphur in the combi- 
nation. Baume, who has given an excellent account of this 
compound, in the ſecond volume of his Chemiſtry, (Vol. II. p. 
228 to 279), obſerves, that it is not decompoſable by acid, 
and that fire is not capable of ſeparating all the ſulphur . 

Cobalt is not uſed. in its metallic ſtate ; its oxyd, as we have 
obſeryed, is applied to give a blue colour to glaſs, enamel, pot- 
ter, and other ſubſtances of the like nature. It forms alſo a 
. ink. | / 
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ſmall ſcintillations are very evidently ſeen. . A portion of the 
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NOTES ON CHAPTER IX. 
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8 T ancarar found the ſpecific gravity of cobalt to be 8.5384. Ann. d Cle, 
Tom. XXVIII. p. 92. 
d Cobalt is not only attracted by the magnet, but, if we may truſt to the . 
curacy of ſome experiments made by Kohl and Wenzel, it is alſo magnetic, C 
New. Entdeck. Th. VII. f. 39. 
© Ammoniac, both in the mild and cauſtic ſtate, diſſolves the oxyd of cobalt, 


This ſolution, which is of a blue in ug becomes of an n colour u 


2 low temperature. 

4 Cryſtals of ſulphat of cobalt require for their ſolution twenty - four part ai 
water at the temperature of 144® of Fahrenheit. They are inſoluble in ſpirit a 
wine, effloreſee in the air, and become ſoluble by heat in their water of cryſl. 
lization. When expoſed to an immenſe beat the ſulphuric acid is diſſipated, ud 
black oxyd of cobalt remains in the retort. Gyren's Haondbuck, Kobalt. 

© Nitrat of cobalt is decompoſed by ſulphuric acid. 

Bergman remarks that the muriatic acid has a greater attraction for cobalt 
than either the nitric or ſulphuric acids; for when ſalphat of cobalt is diſſolved u 
muriatic acid, and the liquor concentrated, the addition of ſpirit of wine doesnt 
occaſion any precipitation which it muſt have done had the _— contained ay 
ſulphat of cobalt. Bergman Opuſc. Vol. III. p. 462. 

5 Sympathetic ink is moſt eaſily prepared by diſſolving one part of cobalt, u 
its oxyd, in three of aqua fortis. After diluting this ſolution with twenty-fou 
parts of water, and filtering it, ene part of muriat of ſoda, or of ammoniac, is 
be added, and the ſolution filtered anew. Letters made with this ink be. 
come viſible by encloſing them in cloſe veſſels with quicklime, or with fulyhuri 

n Fluoric acid has no action on cobalt, either in a high or low temperature, hi 
it diſſolves readily the oxyd. The ſolution, which is of a yellow colour, de 
not cryſtallize according to Scheele. The properties of this compound hare be 
but little inveſtigated. 

; Phoſphoric acid diſſolves the oxyd of cobalt by the aſſiſtance of heat, and fo 
with ita dark wine-coloured ſolution. In the dry way phoſphoric acid nei 
with the oxyd of cobalt into a beautiful blue glaſs. 

The ſolution of oxyd of cobalt in tartaric acid is of a pale red colour, and q. 
ſtallizable. | 

Oxalic acid, according to Bergman, diſſolves cobalt and its oxyd even withat 
the affiſtance of heat, and forms with it a roſe coloured powder, which is rej 
ſoluble in water. This ſalt becomes foluble by an exceſs of acid, and cryſtalizs 
by evaporation. It forms ſympathetic ink with muriat of ſoda, Oxalic 3% 
however, takes oxyd of cobalt from all the other acids. 

Acetic acid diſſolves oxyd of æobalt by long digeſtion or boiling. The ſolutid 
is of a roſe re colour, and affords a violet coloured deliqueſcent ſaline maſs Il. 
mann has diſcovered a method of obtaining a beautiful blue — 
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the acetat of cobalt. For this purpoſe he boiled one part of the oxyd of cobalt in ſix- 
een of diſtilled acetic acid, till four parts of the acid only remained. He filtered this 
ſolution, and evaporated till about one half of it, He then added a quantity of mu- 
tat of ſoda, equal to the fourth part of the cobalt employed, and diſſolved the 
muriat by the aſſiſtance of heat, Letters written with this ink have a beautiful 
blue colour in the heat, but diſappear in the cold. CrelPs Ann. 1785, B. II. ſ. 25, 

0, 

1 acid diſſolves readily the oxyd of cobalt. The ſaturated combination 
of this ſalt is inſoluble in water, but it becomes ſoluble by an exceſs of acid. Ar- 
ſenie acid cannot be ſeparated from this combination by heat alone; but this effect 
is eaſily produced by the addition of charcoal. 

The combination of carbonic acid with cobalt may be inferred from the effects 
of the carbonats of alkali on the acid combinations of cobalt; but it ſeems to be 
yet undetermined whether water, impregnated with carbonic acid, be capable of 
diſſolving that ſubſtance. 

pruſſiat of alkali precipitates cobalt from its acid ſolutions of a redgiſh blue 
colour, This precipitate is inſoluble in acids, and in an exceſs of pruſſiat of 
alkali, 

Gallic acid precipitates cobalt of a blue colour, but this combination is but 
little known. The ſame thing is true of the citrat, malat, and ſuccinat of co- 
balt. 

i Phoſphorus unites eaſily with cobalt. The phoſphure of cobalt, which is of a 
bluiſh white colour and brittle conſiſtence, exhibits no phoſphoreſcence in the 
Ar. 

Cobalt unites by fuſion with gold; but the properties of the mixture are little 
worn. It precipitates gold from its ſolution in aqua regi 

Cobalt melts with platina, and precipitates it alſo from its ſolution in aqua 
regia, 

Silver does not unite by fufion with cobalt. The ſolution of ſilver in nitric 
acid is precipitated by cobalt, 37 parts of cobalt only being required to precipitate 
100 of filver, 

Mercury does not appear to amalgamate with cobalt, It is precipitated from 
nitric acid by cobalt in its metallic ſtate. 

Lead, according to Gmelin, unites by fuſion with cobalt, and is precipitated by 
this metal from its ſolution in acids. | 

Biſmuth does not unite by fuſion with cobalt. It alſo is precipitated by the co- 
balt from its ſolutions in acids. 

Nickel unites readily by fuſion with cobalt, and is ſeparated from it with great 
liculty. This ſeparation is effe&ted by melting it with a ſulphure of potaſh, 
which diſſolves the cobalt more eaſily than the nickel. The affinity of theſe two 
metals for acids has not been determined, though there is reaſon to think that the 
iffnity of the cobalt is ſtrongeſt. When a bit of nickel is introduced into a ſe- 
lution of nitrat of cobalt, a change in the colour is produced, but without any 
evident precipitation of cobalt. 

Copper melts with cobalt. They may be ſeparated by ſublimation with muriat 
of ammoniac. Copper is precipitated from its ſolution in acids by cobalt, From 
i ſolution of copper and cobalt in aqua regia, the copper may be precipitated by 
zink, which produces no change in the ſolution of cobalt. 


Arſenic and its oxyd unite with cobalt. They may be ſeparated by coaſting 
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them with charcoal. The arſenic does not precipitate cobalt from acids, though 
it ſeems to have a greater affinity with theſe ſybſtances than cobalt. 

Iron melts eaſily with cobalt. Neither of theſe metals ſeem to precipitate e 
other from its ſolution in acids, 

Tin produces a light precipitation from muriat of cobalt. Sce Gren Hndhud, 
Kobalt. Gmelin, Ann. de Chem. T. XIX. p. 357. 
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CHAPTER X. 


OF BISMUTH. 
Bisuvrn, or tin glaſs, is a brittle metal, of a yellowiſh white, 
very ponderous, and diſpoſed in large plates. It ſcarcely yields 
at all to the ſtrokes of the hammer without breaking into ſmall 
brilliant pieces, and may even be beat into powder. By im- 
merſion in water it loſes about 1-1eth of its weight. It is 
ſuſceptible of cryſtallization, in the form of polygonal priſms, 
which are diſpoſed in quadrangular ſolids, perfectly fimilar to 
thoſe of muriat of ſoda. It has ſcarcely any ſmell or taſte, 

Biſmuth is often found native. It is known by its yellowiſh 
brilliant colour; its ſoftneſs, - or yielding to the knife; its la- 
minated texture when broken; and, more eſpecially, by its 
very great fuſibility. It is ordinarily cryſtallized in triangular 
laminæ, which are placed one over the other flantwiſe. There 
are ſpecimens of this ſemi-metal, in the form of very regular 
octahedrons; its gangue is commonly quartzoſe. It is found 
at Scala, in Neritia, in Dalecarlia, and at Schneeberg f in Ger- 
many. 

Many modern mineralogiſts doubt the exiſtence of the atſe - 
nical ore of biſmuth. Some of them however affirm that this 
ore is chatoyant, and commonly diſpoſed in ſmall glittering la- 
minz of a bright grey colour. It is likewiſe, according to 
theſe authors, almoſt always mixed with native biſmuth and 
cobalt, whoſe reddiſh eMloreſcence is obſervable on the ſurface- 
of the ſpecimens. 

The ſulphureous ore of biſmuth, or native ſulphure of biſ- 
muth, is of a whitiſh grey, inclining to blue, with pointed fa- 
cets, or acute priſms ; it has the brilliancy and colour of lead: 
ore, or galena, and almoſt always exhibits ſquare facets ; but 
it is never found in fragments truly cubical. It may be cut 
with a knife. It is very rare, and is found at Baſtuas in Swe- 
den, and at Schneeberg in Saxony. 

Cronſtedt likewiſe ſpeaks of a martial ore of bilmuth, which 
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he ſays is found in hw cuneiform ſcales at Lonkbarg i in Nor. 
way. 
Laſtly, Biſmuth is ſometimes met with in the ſtate of an 
oxyd. This is in the form of a granulated effloreſcence, of 3 
iſh yellow, and never of a red colour, on the ſurface of 
ores of biſmuth. Mr. Kirwan thinks that the oxyd of biſmuth 
is united with the carbonic acid. Some mineralogiſts affirm, 
that the native ſulphat of biſmuth is mixed with this oxyd. 
To make an aſſay of the ore of biſſhuth, it is uſually reckon. 
ed fufficient to expoſe it to a low degree of heat in a crucible, 
together with a certain quantity of reducing flux. As biſ. 
wmuth is volatile, the fuſton ſhould be made as quickly as pol. 


ſible; it would indeed be better to make this aſſay in cloſe 


veſſels, as Cramer recommended. 

The ſmelting of biſmuth in the large way is not attended 
with more difficulty. A cavity is made in the earth, which is 
covered with billets of wood placed one on the other; the 
wood is ſet on fire, and the ore being broken ſmall, is thrown 
in it. The biſmuth melts, and runs into the cavity, where it 
takes an orbicular form. In other places the trunk of a pine 
tree, hollowed into the ſorm of x gutter, is placed in the earth 
in an inclined poſition, and wood laid over it; the biſmuth i 
thrown on this combuſtible matter after it is ſet on. fire: the 
ſemi-metal melts, falls into the channel, which conducts it into 
a cavity made in the earth, over which the extremity of the 
trunk is placed. The biſmuth, thus obtained, is poured into 
iron moulds. _ 

Biſmuth is ſcarcely at all altered by the contact of light. It 
is extremely fuſible, and melts long before the red heat com- 
mences. In cloſed veſſels it ſublimes without alteration ; if it 
be permitted to cool lowly, it cryſtallizes in Greek volutes; 
it cryſtallizes the moſt eaſily of any metallic ſubſtance. Brong- 
niart is the firſt chemiſt who perfectly ſucceeded in producing 

this cryſtallization. 

If biſmuth be kept in fuſion with contact of air, its ſurſace 
becomes covered with a pellicle, which changes into an oxyd 
of a greeniſh grey, or brown, named Aſhes or Calx of Biſmuth 
Nineteen drachms of biſmuth calcined in a capſule of glafs, 
afforded Baume twenty drachms thirty-four grains of oxyd 
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Biſmuth heated to redneſs, burns with a ſmall blue flame, 
ſcarcely ſenſible. Its oxyd evaporates in the form of a yel- 
lowiſh ſmoke, which condenſes on the ſurface of cold bodies, 
into a powder of the ſame colour, improperly called fowers 
of biſmuth, This powder owes its volatilization only to the 
rapidity with which the biſmuth burns; for if it be expoſed 
alone to fire it melts into a greeniſh glaſs, without ſubliming, 
Geoffroy the younger obſerved, that the oxyd of bifmath, 
which riſes the laſt, is 0 1 3 Copy orpi-· 
ment. 

The grey or brown 0 the „lb — and the 
glaſs, are nothing more than combinations of this metal, with 
the baſe of vital air, or of oxygen. They are not reducible 
without addition, becauſe the adhefion between the two prin- 
ciples which compoſe them is very-confiderable ; but carbon, 
hydrogen gas, and all organic combuſtible matters, which con- 
tain either of theſe two ſubſtances, are capable of decompoſing 
them, and reſtoring their metallic ſtate, by ſeizing the oxygen, 
with which "theſe bodies have more affinity than biſmuth. 

D'Arcet having expoſed biſmuth in a ball of unbaked 
porcelain, to the heat of the furnace in which that ſubſtance 
is uſually baked, part of the metal flowed out through a 
crack ; the portian, which remained in the veflel formed a 
glaſs of a dirty violet colour, while the biſmuth, melted in 
communication with the external air, was yellowiſh. - From 
this fact, and many others of a like nature, it appears that 
glaſſes made with or without the deut of air are different 
from each other. 

Biſmuth becomes . a little by — to the air, 
whitiſh ruſt being formed on its ſurface. It is not attacked 
by water, neither does it combine with earths ; but its oxyd 
unites with all earthy matters, and facilitates their fuſion : it 
gives 2 greeniſh yellow tinge to glaſſes into which it enters. 

The action of the ſalino-terreſtrial ſabllugces and pes on 
this ſemi-meta], are not yet known, 

Concentrated and boiling fulphuric acid acts on biſwuth, 
the acid is partly decompoſed, and ſulphureous gas is exhaled, 
The maſs remaining in the veſſel, after the decompoſition of a 
part of the acid, is white;; that portion which is in the ſaline 

Vol. IL Q 


=. 


- 
= 
Ou bg ů — ein Se oe Toons Ore Rs. A 
— =" 


242 BISMUTrAH. 


ſtate may be ſeparated by means of water, from the other pot. 
tion which is oxydated, and does not contain any acid; the 
lixivium, by evaporation, affords a ſulphat of biſmuth in mal) 
deliqueſcent needles. This ſalt is decompoſable by fire, by the 
ſalino-terreſtrial ſubſtances, by alkalis, and even by water 2 
lone, in large quantities. The ſulphite of biſmuth is ng 
known. 

The nitric acid diffolves biſmuth with an aſtoniſhing n. 
pidity; or rather this metal decompoſes the acid, and very 
quickly takes from it a part of its oxygen ; the mixture he. 
comes very ſtrongly heated, and emits denſe red vapours, If 
the combination be made in the pneumato-chemical apparatyz 
a large quantity of nitrous gas is obtained; and this proceſs i 
one of the readieſt and moſt convenient for procuring this gu. 
During the ſolution, a black powder 1s precipitated, which 
Lemery ſuppoſed to be bitumen, and Pot conſidered as calcined 
oxyd of biſmuth ; Baume 1 OE it to be ſulphur ; per. 
haps it may be charcoal, . 

The nitric ſolution of biſmuth is without colour, and whe 
it is much ſaturated, it affords cryſtals without evaporation, 
Evaporation, and cooling, afford a nitrat of biſmuth, con- 
cerning the form of which chemiſts differ. Baume affirms, 
that- this ſalt is diſpoſed in large needles, pointed at one end. 
Sage aſſerts, that the cryſtals are tetrahedral priſms, a little 
flattened and terminated by two obtuſe trihedral pyramids 
whoſe planes make one rhombus and two trapeziums. By! 
flow evaporation, I have obtained flattened rhomboids, very 
large, and perfectly ſimilar to the calcareous ſpar of Iceland. 

The nitrat of biſmuth detonates feebly, and with reddi 
ſointillations, after which it melts and ſwells up, leaving a 
oxyd of a greeniſh yellow, not reducible without addition 
This ſalt expoſed to air, loſes its tranſparency, at the ſame time 
that the water of cryſtallization is diſſipated, If water be 
added. inſtead of diſſolving it, the fluid becomes white, milky, 
and an oxyd of biſmuth is precipitated. 

The ſame thing happens, if the, nitric ſolution of biſmuth 
be poured into water, the gzeateſt part of the oxyd of th 
metal being precipitated under the form of a white powder, 
called magi/tery of biſmuth. One hundred grains of this me. 


ww _ Mm _ Xx . ge UE 


5 


8 . No? 


BISMUTH. 243 


«a, diſſolved in the nitrie acid, afford one hundred and thirteen 
grains of precipitated oxyd, by reaſon of the oxygen with 
which it combines“. A large quantity of water muſt be, uſed, 
if the precipitate be defired very white and fine. It is uſed as 
a pigment for rendering the {kin white, but it has the incon- 
venience of becoming black when in contact with odoriferous 
or combuſtible matters. This property is more evident in 
this than in moſt of the metallic oxyds. Though. nitrat of 
biſmuth be in a great meaſure decompoſed by water, a pore 
tion nevertheleſs remains diſſolved, which cannot be preeipitat · 
ed, but by lime or alkalis. The character of being precipi- 
Aro tnrrorarnon Pardons of biſmuth. 
The nitrit of biſmuth is not known. 

The muriatic acid acts with difficulty on this metal. It is 
neceſſary that the acid ſhould be very concentrated, and be 
kept in digeſtion on the biſmuth for a long time ; the ſolution. 
ſucceeds ſtill better, when a large quantity of muriatic acid is 
diſtilled from the metal. The mixture has a fetid ſmell ; 
the reſidue is to be waſhed with water, which becomes charged 
with a portion of the metallic oxyd united to the acid. The 
muriat of biſmuth cryſtallizes with difficulty; it may be ſub- 
limed into a kind of ſoft ſalt, improperly called butter of bi 
muth ; it ſtrongly attracts the humidity of the air; and, laſtly, 
water decompoſes it, and precipitates it in the form of a white 
oxyd. * 0 
The action of the other mineral acids on biſmuth is not 
known d. 

Biſmuth is oxydated by nitre, but without any ſenſible de- 
tonation ; this ſemi-metal does not decompoſe ammoniacal mu- 
riat, but its oxyd completely ſeparates the ammoniac from this 
ſalt, In this experiment a large quantity of ammoniacal gas 
is obtained, and the. reſidue is a combination of the metallic 
oxyd, with the muriatic acid. If biſmuth do not act on the 
mmoniaeal muriat, in confequence of the ſmall degree of ac- 
don which the muriatic acid has on this metal, the property 
its oxyd poſſeſſes of decompoſing this ſalt is very remarkable, 
= proves that it, in ſome meaſure, reſembles ſaline ſub- 

ces, 

Hydrogen gas alters the colour of biſmuth, and gives it a 
Tlolet tinge. f 
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Sulphur combines with this ſemi-metal by fuſion, and pry 
duces a ſort of grey mineral, of a blueiſh and brilliant appen. 
ance, which cryſtallizes in beautiful tetrahedral needles, fimily 
in colour and appearance to the fineſt * of ſulphure i 
— 8. 

The action of arſenic on biſmuth is not well * Thi 
metal does not unite with cobalt, Which remains 8 from 
it in the ſmelting. n 0835177 283 1 | 

Biſmuth is employed by the pewterers to eommunicate har, 
neſs to tin. It may be ſubſtituted inſtead of lead, in the art 
cupelling the perfect metals, becauſe, like that metal, it hy 
the property of flowing into a glaſs, which is abſorbed by th 
cupels. Geoffroy the younger has obſerved, and record 
many circumſtances in which this brittle metal reſembles ll 
The effects of biſmuth on the animal economy can only 
oonjectured; but there is reaſon to think that its'uſe, like thi 
of lead, would be dangerous; and there are ſome inſtan 
of bad effects ariſing from the external uſe of this met, 
We have already obſerved, that the oxyd of biſmuth is uf 
as a pigment for the ſkin, and that ſtrong ſmelling matters 
ter its colour; ſuch ſmells as are fetid more particularly pw 
duce this effect. The vicinity of flaughter-houſes, of commi 
ſewers, of neceſſary-houſes, and almoſt every ether fir MF": 
ſmell, has that effect on this oxyd, and cauſes its colour to l 
come more or leſs black. The vapour of alkaline ſulphur * 
or the ſmell of eggs, produce this effect very quickly. A vey Mii 
common experiment in natural philoſophy ſhows this propett 

in a ſtriking manner. If characters be written with a ſolutia 
of biſmuth on the firſt page of a book of fifty leaves, and ti: en 
laſt page be impregnated with a ſmall quantity of the lau 
alkaline ſulphures, a ſhort time afterwards, the hepatic vapolt 
carried by the air, which circulates between all the leart 
arrives at the other extremity of the book, and converts t 
colourleſs characters marked on the firſt page into a dv 
brown. It is affirmed, that the ſulphurated hydrogen, or 
: patic gas, paſſes through the paper; but Monge has provel BG v. 
that it is the air which carries it in this manner, from one N 
to another, ſince the effect does not take place, when the lens 
arc glued together. 
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: Wars cauſtic alkali is added, according to Bergman, the precipirat * 
125 grains, but with the carbogat of alkalis, 130 grains. 

d Oxygenated muriatic acid acts much more powertuily on biſmuth; and con- 
verts in a ſhort time to butter of biſmuth. 

The fluoric acid diiſolves the oxyd of biſmuth. The ſolution has à ſweetiſn 
altringent taſte, and depoſits, when properly concentrated, a difficultiy foluble 
fuat of bifmuth, which is decompolable by. heat. 

The boracic acid has no direct action on biſmuth; but if a ſolution ak bene be 
added to a ſolution of ſulphat of biſmuth, a * precipitate is an _ 
probably is borat of biſmuth. 

Phoſphoric acid has no perceptible action on biſmurk, but it 1 a ſaline 
maſs with the oxyd that is extremely infoluble. Phoſphat of biſmuth melts with 
the blow-pipe into a tranſparent glaſs that may be decompoſed by the addition of 
an inflammable ſubſtance. The phoſphoric acid precipitates this metal, from its 
ſolutions in nitric, muriatic, and ſulphuric acids. 

Tartaric acid has no action on biſmuth, but it takes the ous from ſulphuric, * 
ae, or muriatic acids. Tartarit of bilmuth exiſts in the form of ſmall er 
rent cryſtalline grains. 

Oxalic acid does not diſſolve the oxyd of biſmuth, but it dit with that 
oxyd to form a white pulverulent oxalat of biſmuth that is extremely inſoluble in 
Water. This ſalt may be formed by adding ane acid. to the . . or 
ulphuric ſolutions of biſmuth. 

Acetic acid diſſolves a ſmall portion of the oxyd of biſmuth, which may be 
precipitated from its ſolution by the addition of AY eng tartarie, or 4 
ic B-rgman Opuſc, Vol. III. p. 459. - N 

The citrat and malat of biſmuth are unknowu. 

Benzoic acid diſſolves readily the oxyd of biſmuth. The nd of bilinuth 4 is 
pot altered by the air, but it depoſits its oxyd by dilution with water, It is de- 
ompoſed alſo by the ſulphuric and muriatic acids, and by fire. 

The ſuccinic acid diſſolves the oxyd of biſmuth by boiling in water, and cryſtal- 
a with it into a foliated ſuccinat of biſmuth. This ſalt is decompoſed by alkalis, 
or its acid may be diſſipated by expoſure to the fire. 

Meter impregnated with carbonic acid has no action on biſmuth, but a carbonat 
WP! biſmuth may be formed, by adding an alkaline carbonat to an acid ſolution of 
is metal, 

The gallic acid occaſions a green precipitate in a ſolution of biſmuth, but the 
ature of this precipitate has not been inveſtigated. 

Pruſſiat of potaſh produces a yellow precipitate, which is re- diſſolved by an ex- 
(s of the pruſſiat. 

Recently prepared and moiſt oxyd of biſmuth ſeems to be diſſolved by boiling 


5 
v caultic fixed alkalis, and by digeſtion in ammoniac. 
Cij 
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e Expreſſed oils diſſolve the oxyd of biſmuth, and form with it a thickiſh teta, 
ceous like maſs. The action of ſpirit of wine, ether, and eſſential gily, i 
unknown. 

If a ſolution of alkaline ſulphure be added to a ſolution of biſmuth in acid, 


double decompoſition takes place, The biſmuth unites with the ſulphur, and is 


precipitated in the form of a black powder. 

Biſmuth has, according to Pelletier, very little affinity for phoſphorus. 

Biſmuth unites, by means of fluxes, with gold, and forms with it a pale, brittle, 
heavy maſs. When this maſs is expoſed in an open fire, the biſmuth. is oxydated, 
and leaves the gold unchanged. Biſmuth precipitates gold from its ſolution in 
aqua regia. 

Platina melts with biſmuth, and the mixture becomes fuſible in proportion ty 
the quantity of biſmuth which it contains. The biſmuth is oxydated by expoſure 
to an open fire, but it is difficult to ſeparate it completely from the platina, for the 
mixture becomes inſoluble, in proporton as it is ſeparated, Biſmuth precipitate 
Platina from its ſolution in aqua regia. 

Biſmuth unites eaſily with filver, which becames brittle, and loſes its brilliancy 
By expoſing the mixture in an open fire, the biſmuth is vitrified, and the ſilver 
left unchanged. Biſmuth preeipitates filver from its ſolution in nitric acid, firk 
in its metallic ſtate, and at laſt in the form of an oxyd. 

Biſmuth amalgamates eaſily with mercury, and is often uſed to adulterate that 
fluid. It is difficult to ſeparate the biſmuth again, even by diſtillation and filr. 
tion through leather. Mercury diſſolved in nitric or ſulphuric acid is precipitated 
in its metallic ſtate by biſmuth. If three parts of biſmuth and ſeven of oxygen. 


ed muriat of mercury be diſtilled together, a butter of bi/muth will be formed, 


and the mercury will paſs over in a fluid ſtate into the receiyer. By the affiltan; 
of heat, biſmuth ſeparates the mercury alſo in 2 from cipnabar, The 
reſultyis a ſulphure of biſmuth. 

Lead unites eaſily by fluxes with biſmuth, and by this union becomes harder, 
more brittle, and more fuſible. Theſe metals may be ſeparated from each other 
by ſolution in aqua-fortis, and dilution with water; for the water precipitates the 
oxyd of biſmuth, and leaves the lead in combination with the acid. Lead prec 
pitates biſmuth from its ſolution in acids, 'The lead has alſo a ſtronger affinity is 
the dry way for ſulphur, and ſeparates it from the ſulphure of biſmuth de. 
Gren's Hendbeck, Wifmuth, 
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CHAPTER XI. 
\ CONCERNING NICKEL, 


NtcxeL was conſidered by Cronſtedt, as a peculiar ſemi-metal, 
when he firſt made it known in the year 1751, and 1754, in 
the acts of the Academy of Stockholm. This brittle metal, ac- 
cording to him, is of a white brilliant colour, tending to red, 
eſpecially at the external ſurface. It is very brittle, and in its 
fracture appears to bo compoſed of facets, which diſtinguiſh 
it from cobalt. Arvidſon, who, together with Bergman, 
has publiſhed a theſis on the properties of nickel, which is 
tranſlated, and inſerted in the Journal de Phyfique for October 
1776, obſerves, that nickel obtained by the roaſting and fuſion 
of its ores, as Cronſtedt directs, is far from being in a ſtate of 
purity, and that it contains ſulphur, arſenic, cobalt, and iron, 
As Bergman has ſucceeded by a great number of ingenious 
proceſſes to deprive it of moſt of theſe foreign matters, and to 
obtain nickel different from that of Cronſtedt, in many of its 
properties, we hal follow his authority, after having firſt 
ſpoken of 1 its ores * , » 
Nickel js found united to ſulpbyr and arſenic, Its ores have 
acoppery red colour, and are almoſt always covered. with a 
greeniſh grey effloreſcence. The Germans call it Eupfer-nicke!, 
or falſe copper. This mineral is very common at Freyberg 
in Saxony, where it is often mixed with the grey ore of co- 
balt ; but its red colour, and its greeniſh efloreſcence, diſtin- 
gvilh it from that ore, which is grey or black, and has a red 
efloreſcence. It is often cryſtallized in cubes. Wallerius di- 
ſtinguiſhes the kupfer-nickel by the name of cobalt ore, of a 
coppery red ; he thinks it to be a compound of cobalt, iron and 
arſenic. Linnæus conſidered it as copper mineralized by arſe- 
nie. Rome de Liſle has arranged it, with Wallerius, among 
the ores of cobalt, and, like him, thinks that it is 2 com- 
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pound. Sage having treated this ore with muriat of ammodi. 
ac, obtained iron, copper, and cobalt; he thinks that it i; 
compoſed of theſe three metallic” matters, together with arſe, 
nic. It likewiſe contains a ſmall proportion of gold, accord. 
ing to this chemiſt, It is proper to obſerve, theſe reſults 4 
not agree with thoſe of Bergman; he is ſaid to have operated 
upon the kupfer-nicke! of 2 in Heſſe, and of Allemont i 
Dauphiny. 1 ; 

Cronſtedt e _ that the metallic walker called „gf by 
the Germans, which is collected in the crucibles uſed in the 
melting of ſmelt, affords nickel. Monnet thinks that the ſpeif; 
of the manufacture of Gengenback, 14 leagues from Sia. 
burg, is true nickel; and as the ore of cobalt made uſe of in 
that place to make alt f is very pure, he concludes that nicke 
is neceſſarily. a product of cobalt itſelf, as we ſhall 'preferty 
ſee. But Baume has obtained nickel from almoſt all the ore; 
of cobalt by means of au alkaline ſulphate ; ; it therefore ſcm; 
that the ote of cobalt, which is wrought at Gengenback, cos. 
tains nickel not diſtinguiſhable by the eye, on. account of the 
intimate union of theſe two metallic matters. 

To obtain nickel from the ore, it is lowly roaſted, in order 
to drive off a portion of the ſulphur and arſenic it contains, 
It is by. this means converted into a greeniſh oxyd. The green- 
er it is, the greater the quantity of nickel it contains, accord- 
ing to Bergman and Arvidſon. It is afterwards melted with 
three parts of black flux and, muriat of ſoda, and a metal i 
by that means obtained, ſuch as Cronſtedt ſpeaks of, but which 
is far from being pure nickel, Its ſcoriæ are brown or blue, 
Many chemiſts, fince the experiments of Ar vidſon, ſtill con- 
tinue to think that this metallic ſubſtance is a natural alloy d 
iron, cobalt, and arſenic ; as to copper, there is no chemiſt but 
Sage, who affirms that be has obtained it from kupfer-nickle 
Monnet thinks that nickel is cobalt, deprived of iron and ar- 
ſenic. In proportion as we ſhall proceed in the examiu 
tion of the properties of this metal, we {hall perceive the 
cauſes of theſe different opinions having been adopted. We 
think with Bergman, that the extreme difficulty of obtaining 
nickel in a ſtate of purity, is che circumſtance which has de- 
ei ved the generality of chemiſts ; and this truth is fully prove 
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ed in the Aſſertatien of Arvidſon, already: quoted: As it 
is certain that this metallic ſubſtance has very peculiar pro- 
perties, however pure it: may be made; and that no means of 
ſepariting it by analyſis into different metallic ſabſtences, nor 
of recompoſing it by any mixture, have been yet diſcovered ; 
it ought to be regarded as a peculiar-metal, eil ber! hon 
riments Hall convince us to the contrary.) 


The metal which affords, by fimple Ae kupfanichel is 


of a reddiſh write, ety brittle, and of a : plated: textare, : It 
contains much arſenic, cobalt; and iron. Mr. Arvidſon ſub- 
jeted at to ſix calcinations, each for the | ſyjace of between fix 
and fourteen hours, and reduced the metal after each caleina - 
tion. During the calehiation, he obſerved that vapours of ar- 
ſchic; and white vapours which have not the ſmell of this ſemi- 
metal, were driven off: the poder of charebal added in theſe 
operations, facilitated the volatilization of the arſenic. | The 


nickel, whoſe weight was : gteatly diminiſhed by theſe fix cal - 


ciuatious, ſtill had an arſenical ſmell, and continued to be at- 
tracted by the magnet. It was then fuſed ſiæ times with lime 
and bora x, and calcined a ife venth time, with the addition of 
charcoal, till it no longer ſent forth arſenĩcal fumes : this oxyd 
was ferruginous, and ſtriped with green. When reduced, it 
alforded martial ſcor ia, and a button ſtill obedient to the mage 
net. Theſe experiments have always ſucceeded än the fame 
manner with many ſpeci mens of nickel from different coun- 
tries. Treatment with fulphur, and ſulphure of potaſti, deto - 
nation. with nitre, ſolution in the nitric neid, and in ammo- 
niac, made by Arvidſon, never deprived nickel of all its iron. 
From theſe experiments hie concluded, that it is impoſſible to 
purify this metal accurately; that the ſulphur is not ſe- 
parated but by repeated calcinations; that the arſenic adheres 
ſill more ſtrongly; that it may be drawn off by the aſſiſtanoe 
of powder of charcoal and of nitre; that cobalt is ſtill more 
intimately combined with this metal, ſince the nitre ſhows 
its preſence; though no other indications were before perceiv- 
ed; and that it is impoſſible to deprive it of all the iron it 
contains, becauſe when the nickel has been treated in all; theſe 
various manners, it is ſometimes more ſtrongly attracted -by 
the magnet than before. Arvidſon thinks, from theſe cireum- 
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ſtances, that this ſubſtance. is nothing elſe but iron in a pecy, 
har ſtate, and he has drawn up a comparative view of many 
of the properties of cobalt, of loadſtone, and of nickel; from 
which he conſiders theſe three metallic matters as iron differ. 
ently modified. But as the principal property of nickel, which 
has led Arvidſon to this concluſion, is its magnetiſm ; may vt 
not conclude that theſe two metallic ſubſtances, ſo different in 
all their other properties, are not to be confounded together 
this account ? for it has not been proved that magnetiſm is pe. 
euliar to iron, or that it may not exiſt in many other metallic 
ſubſtances. I think therefore, that netwithſtanding the pro. 
perty of being attracted by the magnet, which nickel poſſeſſes, 
it ought to be conſidered, when purified by the proceſſes of 
Arvidſon, as a peculiar metal; fince it cannot be extra. 
ed either from other metallic ſubſtances, nor can be perfeQly 
imitated by any mixture; and laſtly, becauſe it poſſeſſes pro- 
perties common to no other metal, as we ſhall proceed to ſhoy, 
Kirwan has entirely adopted this opinion in his Mineralogy, 

Its texture is not plated, as Cronftedt aſſerted, but granu- 
lated, as its fracture ſhows, It is nine times heavier than wi 
ter. It is not brittle, but, on the contrary, ſufficiently duc- 
tile to make it a queſtion with Bergman, whether he ſhould 
rank it among the metals or ſemi-metals. It is nearly as dil. 
ficult to melt as forged iron, 1s extremely fixed in the fire, and 
becomes calcined when heated with acceſs of air, affording as 
oxyd of a green colour, which is deeper in proportion to its puri 
ty: it is not known whether this oxyd is fuſible into glaſs. The 
fluxes and combuſtible matters commonly uſed in reducing ibe 
metals, produce their effect with this. The action of air and 
water on nickel are not known: its oxyd, when melted with 
matters proper to form glaſs, gives them a hyacinthine colour, 
more or leſs red. The action of lime, magnefia, and the three 
3 on nickel, are ſtill unknown. 

Sage affirms, that when four parts of concentrated Culpburi 
ee ited from ens pert of the regulus of kupfer · nickel 
in powder, the ſulphureous acid paſſes over: the reſidue i 
greyiſh, and being diſſolved in diſtilled water, produces tht 
moſt beautiful green colour. The cryſtals obtained from thi 
ſolution are foliated, and of the colour of an emerald. A 
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g NICKEL, _— 
cording to Arvidſon, the ſulphuric acid forms a green ſalt, in 
decahedral cryſtals, with the oxyd of nickel. Theſe conſiſt of 
two quadrangular . united together and truncated 
near their baſe *. 

This oxyd is cabily ſoluble in the nitric acid, and cryſtallizes 
in rhombie cubes®. According to Sage, all the other ſolutions - 
of nickel, or its oxyd, either in the muriatic acid, or in vege- 
table acids, are more or lefs green ©. Fixed alkalis precipitate 
it of a greeniſh white colour, and re-diſſolve it, at which pe- 
riod the liquid becomes yellowiſh. Ammoniac poured into an 
acid ſolution of nickel produces a beautiful blue colour ; this 
{alt preſents the ſame phenomena when mixed with the pre- 
cipitates of this metal, by fixed alkalis. As the ſolutions 
of copper exhibit the ſame colour with ammoniac, which is 
eſteemed a very proper teſt of the preſence of copper, it has 
been thought that nickel contains this metal. Cronſtedt, how- 
ever, tried in vain all the known methods of extracting copper 
from the ſolution of nickel, tinged blue by ammoniac. This 
ſalt, beſides, does not immediately diſſolve nickel, as it does 
copper. It is therefore proved, as Bergman thinks, 'that the 
property of turning green belongs to nickel itſelf, and is not _ 
owing to the preſence of copper. This chemiſt did not obſerve 
any certain figns of the ſolution of nickel by the carbonic acid, 
in an experiment where he kept this metal for eight days in 
water impregnated with that acid d. 

Nickel detonates with nitre ; this detonation afforded Ar- 
vidſon a method of diſcovering the preſence of cobalt; which 
no other proof had rendered ſenfible. The nickel is more or 
leſs oxydated in proportion to the quantity of nitre employed. 
This neutral ſalt has likewiſe the property of augmenting the 
intenſity of the hyacinthine colour, communicated” by oxyd of 
nickel to glaſſes, and of cauſing it to re-appear after it has been 
diſſipated by heat, as frequently happens with this oxyd in 
glaſs, and is common to it with the ſemi-metal we ſhall next 
proceed to examine, 

The oxyd of nickel fuſed with borax likewiſe gives it an 
byacinthine colour. 

It partly decompoſes muriat of ammaniac. The martial 
flowers obtained by Sage, in this experiment, arofe from his 


ſenic to nickel, no other conſequence ought to be deduced, tha 
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not having employed a regulus as pure as that of Arvidſon 
for this laſt chemiſt aſſures us, that ammoniacal muriat ſub. 
limed with this metal was white, and gave no indication of the 
preſence of iron, by the teſt of nut galls : a ſmall quantity 
ammoniac and muriatic acid paſs into the receiver; the re. 
ſidue, when reduced, affords nickel 1 ere af its mag. 
netiſm, - & 

The action of N g on a nickel i 15 200 — ban. 
Tnis metal combines readily by fuſion with ſulphur, aud 
then forms a kind of hard mineral, of a yellow colour, with 
ſmall brilliant plates. When ſtrongly heated in contact with 
air, it deflagrates, and emits very luminous ſparks, fin. 
lar to thoſe afforded, by iron when forged. Cronſtedt, who 
firſt made this experiment, did not purſue it; he obſerved on. 
ly, that the phenomenon. does not take place, if the contatt of 
air be prevented, by covering the · metal with glaſs in fuſion; 
which ſhows that this effect is owing to the rapid combuſtion 
of the nickel produced by the ſulphur- The ſame chemi 
acquaints us, that this metal is ſoluble in -alkaline ſulphures, 


and forms a compound reſembling the yellow ores of copper, 


The ſulphur cannot be: ſeparated from. nickel but "wy ern 
fuſions and calcinations ,, 
Nickel combines with pigs to which it — a Bireag; at- 


— cog Monnet, who at firſt, after Cronſtedt, confiderel 


nickel as a peculiar metal, having obſerved that at forms 1 


blue glaſs when united to arſenic, ſimilar to that which cobalt 


affords, adopted the opinion that nickel is nothing elſe but co- 
balt deprived of arſenic and iron. Monnet therefore cotiſiden 
cobalt, as well as nickel, as a metallic mixture. Bergma 
thinks, that if a blue glaſs be obtained, by the addition of ar- 


that it is cauſed by the cobalt which it is known to contain, 
and whoſe properties are hidden by the latter till it is oxydat 
ed and ſeparated from the nickel by means of arſenic; at which 
time its properties, more eſpecially that of flowing into u ylab 
of a blue tinge, ſhow themſelves, ' We have already obſerved, 
that nickel cannot be entirely ſeparated from drſenic;'!but- by 
repeated calcinatipns, with the addition of charcoal in powder. 


Nickel unites ſtill more intimately to cobalt than cod arſenic, Þ 


that they cannot be ſeparated without the greateſt difficulty. 


NOTES ON NICKEL, ' 253 


Cobalt may exiſt in this combination without ſhowing any in- 
gications of its principal properties. Nitre, borax, and arſe- 
nic, are the only ſubſtances by which its preſence can be ex- 
hibited in fuſion. | 

Cronſtedt affirms, that nickel forms with biſmuth a brittle 
and ſcaly regulus ; the ſolution in the nitric acid ſeparates 
theſe two metallic ſubſtances imperfe&ly, by virtue of the 
property which nitrat of biſmuth poſſeſſes of being decompoſed 
by water. No uſe has yet been made of nickel. 
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a SoLenar of nickel is ſoluble by heat in its own water of cryſtallization. 
The ſulphuric acid may be diſſipated by expoſure to a ſtrong fire. The fixed al- 
kalis and earths precipitate nickel from this ſalt of a pale green colour. Ammo- 
niac occaſions a blue precipitate, which may be re- diſſolved by an exceſs of am- 
momiac, 

b The cryſtals of nitrat of nickel deliqueſce in a moiſt, and effloreſce in a warm 
dry air, Nickel precipitated from nitric acid by cauſtic alkalis has acquired an 
additional weight of 28 per cent.; that by carbonat of alkalis 35 per cent. The 
carbonic acid is expelled from this combination by a very moderate heat. 

© Muriatic acid diſſolves nickel and its oxyd in a very flow manner, even when 
aſiſted by heat. By evaporation this combination ſhoots into long rhomboidal 
cryſtals, which deliqueſce in a moiſt air. They are ſaid not only to effloreſce, but 
even to part with their acid, if they be kept long in a dry and warm atmoſphere. 
The order of the affinities of the ſulphuric, muriatic, and nitric acids, is not known. 

4 Fluoric acid diſſolves oxyd of nickel with difficulty, and forms with it green co- 
loured cryſtals. 

Boracic acid ſeems to have little or no direct action on nickel; but if an acid 
| ſolution of this metal be mixed with a ſolution of borax, a borat of nickel will be 
formed. This ſalt is very inſoluble in water. In the fire it melts into a hyacin- 
thine coloured glaſs. Ne 

Phoſphoric acid exerts very little action on nickel, and forms with it, according 
to Bergman, a ſcarcely perceptible greeniſh ſolution, Theſe ſubſtances unite ea» 
lily by fuſion, 

The tartarit, malat, and citrat of nickel, are little known, 

Oxalic acid combines with the oxyd of nickel, and forms with it a ſalt which is 
very inſoluble in water. This acid diſengages nickel from all its other acid com- 
binations, 

Acetic acid diſſolves the oxyd of nickel, and forms with it green coloured rhom- 
boidal cryſtals. 
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Pruſſiat of alkali precipitates nickel of a pale green colour from its acid com. 
nation, 
With the gallic acid this precipitate is of a white colour. 

e Nickel unites readily with and takes up a conſiderable portion of phoſphory, 

Nickel unites readily with gold, and renders that metal white and brittle, 1; 
may be ſeparated from the gold by oxydation. Nickel melts alſo with plating, 

Silver melts eaſily with nickel, without loſing much of its colour or ductiliy 
If this mixture be detonated with nitrat of potaſh, the nickel will be oxydateg, 
and the ſilver remain unchanged. 3 from its ſolution in 
nitric acid. 

Nickel does not amalgamate with mercury. In the heat it diſengages the mer. 
cury from cinnabar, by uniting with the ſulphur. 


The combination with lead rede as well 26 the relative affinities of thee 


metals for acids. 
Nickel unites with biſmuth into a brittle 8 po Their naw al 
nities for acids are likewiſe undetermined. 


Gren's Handbuch, Nickel metal, Richter Ucber die New. Gegen, St. IX. ſ. 64. 
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CHAPTER XII. 
CONCERNING MANGANESE, 


Maxcaxrs, a grey dark coloured mineral, which ſoils the 
fingers, and is employed in glaſs-houſes in different propor- 
tions, either to colour, or to take away colour from glaſs, has 
been long known by the name of black magnefia, or manganeſe. 
Workmen have called it the ſoap of glaſs, from its property of 
rendering it colourleſs. Many naturaliſts, judging by its co- 
lour, and the ferruginous earth with which its ſurface is often 
covered, have taken it for a meagre ore of iron. Pott and Cron- 
ſtedt, after an exact analyſis, did not conſider it as a ferrugi- 
nous matter. The latter affirmed that it contains a ſmall pro- 
portion of tin. Sage reckons it among the ores of zink, and 
thinks that it is formed by the combination of that ſemi-metal 
and cobalt with the muriatic acid; he adds, from his own tri- 
als, that it ſometimes contains iron or lead, 

The weight of manganeſe, its property of tinging glaſs, and 
of affording a whitiſh precipitate when the alkaline pruſſiat is 
poured into its ſolutions, cauſed Bergman to ſuſpect, as he ac- 
quaints us in the laſt paragraph of his diſſertation on the Elec- 
tive Affinities, that this mineral contains a peculiar metallic 
ſubſtance. His ſuſpicion has been fully confirmed by one of 
tus diſciples, Mr. Gahn, doctor in medicine at Stockholm, to 
whom, together with Scheele, we are indebted for the diſco. 
very of the phoſphoric acid in bones. This phyſician is the 
firſt who obtained a regulus of manganeſe, probably by treat- 
ing it with reducing flux. The degree of fire neceſſary for this 
operation, is, doubtleſs, very great; for I have been a witneſs 
to the attempts of Brongniart, an experienced chemiſt, who 
tried in vain to reduce it in a furnace which was capable 
of producing an exceſſive degree of heat. I have been aſſured, 
that the reduction has been ſucceſsfully performed at Paris by 
employing the flux of Morveau, with which this chemiſt ob- 
tained iron in a very well formed button: but I think that 
La Peyrouſe is much in the right in his opinion, that fluxes 


and it is found 1 properties: control! to no other metal. 


ſubſtance itſelf. Sclieele, one of the-firſt chemiſts of the pre. 
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are pernicious in this operation. I have attempted the redye. 
tion in an excellent melting furnace, conſtrued in the Jaborz. 
tory of the Veterinarian ſchool at Alfort. I have not yet cb. 
tained a perfect button, but I have obtained a conſiderable 
quantity of metallic globules, two or three lines in diameter, 
On ſeveral occaſions, when I have employed fixed alkalis and 
borax, no metal was reduced. In my trials, each ſmall metal. 
lic globule of manganeſe Was incruſted with glaſs; or a vitre. 
ous frit of a deep cõlour. Manganeſe qught to be confidereq 
a8 2 peculiar metal, becauſe its analyſis hag not yet been made, 


he ſubſtance; | 

The properties of this metal have ham ate elucidate 
by the labours of Bergman, Scheele, Gahn, Rinman, Fu. 
geſtroem, Iſlemann, and Peyrouſe. It is from the labours d 
theſe dhemiſts, as well as from my ou particular experiments, 
that I ſhall borrow the following account of this ſubſtance; 
firſt obſerving, that the difficulty of reducing the ores of thi; 
metal, is the cauſe, why we are much better acquainted with 
the properties of its oxyd than with thoſe of the metalli 


ſent age, does not appear to have ſucceeded in reducing it, fince 
he no where ous of the properties it ni in the metal 
lie tate, | | 

I be ores of wah are known by their grey, brown, « 
black colour, more or leſs brilliant, and likewiſe by their er. 

terual appearance: they may be ener into a conſidet- 

able number of varieties. | 


Variety 
1. Ore of ck cryſtallized 3 in tetrahedral rhombould 


priſms, ſtriated in the direction of hn length, and fe. 
parated from each other. 
2. Cryſtallized ore of manganeſe, whoſe priſms are diſpel 
in bundles, or aggregates. 
3» Cryſtallized ore of manganeſe, in fra needles, diſpoſe 
in the form of ſtars. 
4. Effloreſcent ore of manganeſe, black and friable; it foi 
the fingers like ſoot. | 
5. Velvet ore of manganeſe; theſe are very Small needles 
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which falling into effloreſcence, have a beautiful dead 
colour, reſembling velvet. 

6. Compact and amorphous ore of manganeſe, of = black 
grey, often with cavities, and very heavy ; it ſoils the 
fingers, and is ſometimes found in brilliant needles. 
The Perigord ſtone belongs to this variety, 

7, Spathoſe manganeſe, found in the iron mines of Klap- 
perud, at Freſco in Dalecarlia, and deſcribed by Mr. 

EKimman. 

3. Native manganeſe, in evils globules, found at Sem, in 
the county of Foix, by la Peyrouſe, and deſcribed by 
him, together with many varieties of the ores of man- 
ganeſe, found at the ſame place, in the 3 9 4 
que for January 1780. 

JJ ²˙ -F 
regetables, and attributes the green and blue colour, which 
fixed alkali often takes in calcination to its preſence. The green 
colour of potaſh, treated with lime, and the roſe colour which 
have often obſerved in its combination with acids, ariſes, no 
doubt, from this metallic oxyd. A ſmall portion of this ſub- 
ſtance 1s found in all charcoals. | 

Manganeſe, extracted from its ore, is of a brilliant white ; 
when broken, its texture appears granulated like that of cobalt. 
It is hard, and breaks, after being in a ſmall degree flattened 
by the hammer *, Its infuſibility is greater than that of iron, 
which at firſt cauſed Bergman to conjecture, that it has ſome 
affinity with platina ; if it be heated with contact of air, it is 
converted into an oxyd, at firſt whitiſh, which becomes more 
| and more black, in proportion as the axydation proceeds. 
| have obſerved that the ſmall globules of manganeſe, ob- 
tained by the proceſs I have before ſpoken of, very ſoon 
change by the contact of air; they are tarniſhed, and be- 
tome of a lilac and violet colour. Soon afterwards they fall 
into a black powder, and then reſemble the native oxyd of 
manganeſe, x 

This rapid oxydation of the regulus of 33 by the 
contact of air, is a fact which I have always conſidered as very 
angular. The metallic globules, which are hard, brilliant, and 
very refractory, remain entire for a long time in a well cloſed 
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bottle, provided their ſurface be entire, and covered with that 
ſmall ſtratum of oxyd which is formed during the fufion « 
this ſemi-metal : but if one of theſe globules be broken into 
three or four fragments, we find, by fixing the eye for ſon; 
minutes upon their fracture, expoſed to the air, that their co. 
lour is quickly altered; that, inſtead of the white colour it hal 
before, it becomes very ſpeedily of a roſe, purple, or vicle 
colour, and at laft almoſt brown. If the fragments be left in: 
bottle which contains, at the ſame time, a certain quantity 
air, and they be ſhaken from time to time, it is found, at the 
end of ſome months, that they are reduced into a powder which 
is almoſt black. This is 2 ſort of pulverization, or metalli 
efMoreſcence, analogous to that of ſaline ſubſtances or pyrite, 
It proves the ſtrong attraction which exiſts between mangs. 
neſe and the atmoſpherical oxygen, and the rapidity with 
which theſe ſubſtances tend to unite. 

The action of manganeſe on earths, and the ſalino-terreftr, 
al ſubſtances, has not yet been examined; the oxyd of thi 
metal gives a violet or brown colour to glaſs, ſuſceptible of i 
great. number of modifications, but eaſily deſtroyed by the 
action of combuſtible ſubſtances. Nitre revivifies, or cauſa 
the ſpeedy re-appearance of this brown or violet colour, by 
reſtoring the oxygen to the manganeſe. This is the reaſa 
why the matraſſes and retorts of white glaſs, which we uſe it 
our laboratories to obtain vital air from nitre, always acquire 
a brown or violet colour. Scheele has made a great number 
of ingenious experiments on this head. 

The manner in which fixed alkalis act on manganeſe is nd 
well known ; but the oxyd of this metal combines with the 
ammoniac, and is revived. Bergman obſerves, that in thi 
combination a peculiar gas is diſengaged, which he regards # 
one of the principles of the ammoniac, but of which he dos 
not ſpeak fully. It appears from the diſcovery of Berthollt 
to be azotic gas, and that the hydrogen of the ammoniac com- 
bines with the oxygen, and takes it from the manganeſe, wh 
is thus reduced, and becomes white. 

Scheele has given the name of cameleon mineral to a combi 
nation of potalh and oxyd of manganeſe, which aſſumes 4 
beautiful green colour in hot water, and is red in cold water. 
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The oxygen and caloric appear to be the' principal cauſes of 


the phenomena preſented by this combination. Perhaps the 
note, which I conſider as the alkalifying or alkaligene prin- 
ciple, may diſengage itſelf from the potaſh in this opera- 
tion, and may, partly occaſion theſe fingular modifications of 
colour. 

The ſulphuric acid diſſolves manganeſe and its oxyds ; this 
laſt ſolution is coloured, but becomes clear by the addition of 
any combuſtible matter, ſuch as ſugar or honey. It affords a 
tranſparent ſulphat of manganeſe in priſmatic cryſtals with 
parallel ſides. This ſulphat is decompoſed by fire, and affords 
vital air. The alkalis ſeparate an oxyd of manganeſe, which 
becomes brown by expoſure to the air b. 

The nitric acid likewiſe diſſolves it, emitting at the ſame 
time red vapours. Its oxyd 1s not attacked by this acid, un- 
leſs it be fuming, or ſome combuſtible body, ſuch as honey or 
ſugar be added. Alkalis precipitate from its ſolutions a white 
oxyd, ſoluble in acids, which, when heated, becomes black, 
and is oxydated ſtill more. Bergman thinks that this metal 
has a greater affinity with ſalts than moſt metallic ſubſtances z 
he places it in his table, near the top of that column which 
contains the elective attractions of acids. 

The muriatic acid likewiſe diſſolves manganeſe, which 
gives it a deep brown colour ; when this ſolution is heated, 
the colour diſappears : water occaſions a precipitate, and al- 
kalis decompoſe it. 

In the hiſtory of this acid we have ſeen, that when diſtilled 
from the native oxyd of manganeſe, it becomes white, and 
| approaches to the metallic ſtate, by giving out a part of its 
oxygen to the muriatic acid, which is diſengaged in the form 
of oxygenated muriatic acid gas. The muriatic acid ſeems to 
have a ſtronger affinity with manganeſe than the ſulphuric; 
for the ſolution of this metal by the latter, being poured into 
muriatic acid, forms a precipitate, which Bergman found to 
be muriat of manganeſe, by the property it has of diſſolving 
in ſpirits of wine; a property which the ſulphat of the ſame 
wetal does not poſſeſs. 

The flaoric acid diſſolves the oxyd of manganeſe very ſpa- 
tingly, Theſe two ſubſtances are more calily. united, accords 
R ij 
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by digeſtion in the cold. Potaſh, and fimple expoſure to air, 


time diſengaged. But he has not pointed out the nature d 
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ing to Scheele, by decompoſing the ſulphat, the nitrat, or the 
muriat of manganeſe, by ammoniacal fluat. 
The carbonic acid diſſolves a ſmall quantity of manganeſ, 


— Fern — « 


precipitate the metallic oxyd from this acid ©, 

Scheele has examined the action of nitre, borax, and muriy 
of ammoniac, on the oxyd of manganeſe. This oxyd diſen. 
gages the acid of nitre by the aſſiſt nce of heat; with potaſhi 
forms a deep green maſs, ſoluble in water, to which it com. 
municates the ſame colour. The -greenneſs ariſes from the 
tron contained in the manganeſe ; and in proportion as thi 
falls down the ſolution becomes blue. Water and acids pre. 
cipitate this alkaline ſolution. It is the cameleon mineral d 
Scheele, which we have already ſpoken of. 

Nitrat of potaſh, heated in veſſels made of glaſs, containing 
manganeſe, communicates a violet colour to the glaſs, which 
is ſo much the deeper, as the oxydation of this metal by the 
nitric acid is more complete. 

Borax, melted with oxyd of pa aſſumes a brown ot 
violet colour. 

Muriat of ammoniae, diſtilled from this metallic oxyd, 4. 
fords ammoniac in part decompoſed. Scheele, who made the 
fame obſervation, informs us, that an elaſtic fluid, which be 
eſteems to be one of the principles of aramoniac, is at the ſat 
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this fluid, which Berthollet has diſcovered in another way, 
This laſt chemiſt decompoſes the ammoniac by means of me. 
tallic oxyds ; in which proceſs water is formed by the unit 
of hydrogen, one of the principles of this ſalt, with the oy. 
gen of the oxyds, while the azote, or the other principle d 
the ammoniac, is diſengaged in the aeriform ſtate. Nitric % 
cid is likewiſe formed during this proceſs. 

The action of hydrogen gas, and of ſolpdur, on manganeſ⸗ 
or on its natural oxyd, is not known; arſenic, in the tated 
a white oxyd, appears capable of king from this laſt a pot- 
tion of its oxygen, fince it deprives glaſſes of colour, aft! 
they have become brown by means of manganeſe 4. 

To theſe properties Bergman adds, that manganeſe cane 
be abſolutely purified from the iron it already contains, a 
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therefore this metal, like nickel, has not yet been obtained in 
; ſtate of perfect purity. - Scheele, in the accurate analyſis 
which he has made of the natural oxyd of manganeſe, found 
it to contain iron, lime, bary tes, and a ſmall proportion of ſi - 
lex ©, 

The black oxyd of manganeſe, called black magneſa, is uſed 
in glaſs-houſes, to take away the yellow, green, or blue tinge 
from glaſs, intended ro be of a clear white; a large proportion 
gives glaſs a violet colour. It is probable that this phenome- 
non is a conſequence of the action of the oxygen ſeparated 
from manganeſe by heat, on the colouring ſubſtances. The 
oxyd of manganeſe is at preſent uſed in chemiſtry, to prepare 
the oxygenated muriatic acid, * for a great number of other 
experiments. | 

This native oxyd affords, by mere heat in the pneumato- 
chemical apparatus, very pure vital air, or oxygenous gas. It 
is this vital air alone which can be uſed to advantage by pa- 
tients whoſe diſorders require the adminiſtration of this fluid. 
It is to be remarked, that in diſtilling the native oxyd of man- 
paneſe, in order to obtain vital air in a very pure ſtate, the re- 
tort muſt be completely filled with this ſubſtance, ſo as to al. 
low no atmoſpherical air to remain in the retort. It is in this 
way that the vital air intended for the uſe of the fick, or for 
the compoſition of water, ought to be prepared. Without this 

precaution, a couſiderable quantity of nitric acid will be form- 
ed, or a mephitic reſidue produced, which ſtops the combuftion 


of the hydrogen gas, and renders it . to empty the re- 
ceiver. l 


The affinity of manganeſe for the principle of combuſtion- 
ſerves likewiſe to guide modern chemiſts in a great number of 
caſes, and may lead to diſcoveries concerning the nature of 
many ſubſtances at preſent unknown. 
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» Tax ſpecific gravity of this metal has been eſtimated at 6850 by Bergnuz, 
and at 7000 by Hielm. 

b Mr. Kirwan remarks, that the diluted acid, in combining with manganef, 
leaves undiſſolved a black ſpongy maſs, which he ſeems inclined to conſider as cu. 
bon, this metal had abſorbed during its reduction. 

If ſulphuric acid be diſtilled over manganeſe, oxygen gas is diſengrged from thi 
ſubſtance in conſiderable quantity. See Ann. de Chem. Tom VII. p. 287. 

e Precipitated by an alkaline carbonat, the manganeſe gains in weight an add. 
tion of 80 per cent. by cauſtic alkalis, an addition of 68. 

The combination of manganeſe with boracic acid has not been aſcertained, 

* 1 Phoſphoric acid combines with manganeſe to form the phoſphat. This falt i 
moſt eaſily prepared, by adding a ſolution of manganeſe in ſulphuric, nitric, « 
muriatic acids, to a ſolution of phoſphat of ammoniac. 

Tartaric acid diſſolves black oxyd of manganeſe in the cold, without efferve 
cence. If this ſolution, which is of a reddiſh brown colour, be expoſed to bea, 
the colour diſappears, and acetic acid is diſengaged. The remaining ſolution ha 
not been properly examined. It probably contains acetat of manganeſe. The 
tartarit of manganeſe is formed by diſſolving the white oxyd of manganeſe in tu, 
taric acid. This is very inſoluble in water. 

Oxalic acid combines ſtrongly with manganeſe and its oxyd. The alt vic 

it forms becomes ſoluble in water by an exceſs of acid. It is decompoſed in the 
fire. Oxalic acid takes manganeſe from ſulphuric, nitric, and muriatic acids. 

The black oxyd of manganeſe is diſſolved with difficulty, but the white v 
eaſily by digeſtion in acetic acid. The ſolution is colourleſs, and affords by en- 
poration fmall cryſtals of a very deliqueſcent ſalt. | 

The ſuccinat, malat, and citrat of manganeſe, are unknown. 

Pruſſiat of alkali precipitates manganeſe from its ſolution in acids, and form: 
with it a pruſſiat of that metal. 

| 4 Manganeſe does not appear to unite with ſulphur. If eight parts of oxyddl 
' manganeſe be diſtilled with three of ſulphur, ſulphureous acid gas will be diſerg- 
ged, and an imperfect oxyd of manganeſe left behind in the retort. If this mi- 

ture be calcined in an open veſſel, ſulphat of manganeſe will be produced. 

Phoſphorus unites very well with manganeſe. A phoſphure of this metal maj 

| | be formed, by melting in a covered crucible equal parts of vitreous phoſphorc 
| ; acid and manganeſe with one-fifteenth of charcoal duſt. This phoſphure has i 
| white colour and metallic luſtre, is unchangeable in * air, brittle, granular in it 
fracture, and more fuſible than manganeſe. 
On account of the difficult fuſibility, and caſy oxydation of manganeſe, it 
neceflary, in order to combine it with other metals, to uſe a very ſtrong heat, ul 
to keep the metallic mixture carefully excluded fram the external air. 
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Combined in a large proportion with gold and ſilver, manganeſe renders theſe 
metals very brittle, It precipitates filver from acids in a ſtate nearly approaching 
to the metallic. | 

Mercury and manganeſe do not 'enter into combination. Manganeſe pre- 

cipitates mercury from its ſolution in acids; oxyd of manganeſe has no action on 
the oxygenated muriat of mercury; but, diſtilled in the proportion of two to one 
with ordinary muriat, it converts the mercurial muriat into the oxygenated. Dur- 

ing its diſtillation with cinnabar, ſulphuric acid gas, and fluid mercury, are diſ- 
engaged. 

Lead, according to Gmelin, unites with great difhculty to manganeſe, The 
properties of the lead, by this admixture, are but little changed. . 

Copper unites, by repeated meltings, with manganeſe, and forms with it a 
white malleable metallic maſs. Manganeſe does not precipitate it from its ſolu- 
tion in acids. 

Arſenic forms a metallic mixture by melting it in cloſe veſſels with manganeſe. 
In diſtillation together, the white oxyd of arſenic paſſes over unchanged. Gren's 
Handbuck Magneſtumoder Braunſtein metall. 

© To obtain manganeſe free from iron, Richter recommends the following pro- 
cels. A ſaturated ſolution of ſulphat of manganeſe is to be mixed with a ſolu- 
tion of tartarit of potaſh, and the mixture placed on a ſand bath. In the courſe of 
a few minutes, a white precipitate is formed, which increaſes in proportion as the 
fluid is evaporated. When the evaporation has been carried ſo far on, that the 
ſulphat of potaſh is diſpoſed to cryltallize, the clear liquor is to be decanted off, 
and the precipitate well edulcorated with a ſmall quantity of water. The water 
uſed for edulcoration, together with a freſh quantity of the tartarit of potaſh, is 
to be added to the liquor, in order that any manganeſe which they contain may 
be precipitated, Ihe precipitate, which is a pure tartarit of manganeſe, may be 
decompoſed by a ſtrong fire, and ſubjected to the uſual proceſs for obtaining this 
lubltance in its metallic ſtate. See Richter, neu. Gegenſi, St. I. . 32. 
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OF ANTIMONY. 


Avurmonr, flibium, is a brittle heavy metal, of a brilliant 
white, reſembling that of tin or filver ; it is compoſed of plate; 
applied upon each other, and preſents upon its ſurface a ſort 
of cryſtallization, in the form of a ſtar, or leaves of fern. It 
is like» iſe capable of cryſtallizing in tribedral pyramids, form. 
ed as it were of a kind of hoppers implanted into each by their 

angles; theſe hoppers appear to he themſelves the reſult of the 
aggregation of quadrangular or octahedral pyramids, In. 
merſed in water, it loſes 1-yth of its weight. It is eafily re- 
duced into powder, and has a very ſenſible taſte or action cn 
the ſtomach, being powerfully emetic and purgative. 

Antimony is ſeldom found native. It has been diſcovered 
by Mr. Anthony Shwab, at Salberg in Sweden. Schriebet, 
director of the mines at Almont, in Dauphiny, found it in 
thoſe mines. This native antimony is in large(plates, and peſ- 
ſeſſes all the properties of that procured by art, excepting that 
it contains one or two hundredth parts of arſenic. 

Mongez, the younger, has diſcovered a native oxyd of anti- 
mony, in fine white needles, mixed with antimony, or grouped 
ſo as to reſemble zeolite. He found this oxyd en native anti- 
mony from Chalanges in Dauphiny. 

This metal is moſt commonly combined with ſulphur, aud 
then forms what 1s improperly called antimony, and ought to 
be denominated ore or ſulphure of antimony. This mineral 
is of a blackiſh grey,. in brittle plates or needles, of various 
magnitudes, joined together in different forms, It is ſome- 
times mixed with other metals, particularly lead and iron; and 
is very common in Hungary, and in the provinces of Bourbon, 
Auvergne, and Poitou. Naturaliſts have multiplied the vs 
rieties of antimony, accordingly as the fibres of the mineral 

are parallel, divergent, irregular, ehatoyant, &c. When anti- 
mony is mixed with a portion of arſenic, or when it is altered 
by alkaline vapours, or combuſtible ſubſtances, its needles art 
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of a deep red, nearly reſembling the fine flowers of cobalt, but 
rather more opake. The following are admitted as varieties 
of this ore. 
variety : © en 
1. Sulphure of antimony cryſtalhzed in ſeparate hexahedral 
priſms, terminated by tetrahedral obtuſe ifolated pyra- 
mids. 2 
2. Striated ſulphure of antimony, in the form of large ir. 
regularly formed needles, united in irregular bundles. 


3. Sulphure of antimony, with divergent needles ifluing 


from one common centre. 

4; Lamellated ſulphure of antimony, the laminæ of various 
fizes, and reſembling the lead ore called galena. This 
variety is ſometimes brilliant, and is then called ſpecular 
antimony. 

5. Red ſulphure of antimony, It has the appearance of 2 
granulated eMoreſcence on the ſurface of the needles of 
antimony ; it is ſometimes cryſtallized in red needles, 
or priſms, of various degrees of brilliancy. Some na- 
turaliſts call this kermer, or golden ſulphur of antimony. 

The ſulphures of antimony are not commonly treated with 

the intention of ſeparating the pure metal. In general, no- 
thing more is done than the apptication of a ſufficient heat to 
ſeparate the metal from its gangue, and other metallic matters 
with which it may be mixed. For this purpoſe two earthen 
pots are taken, one of which is pierced at the bottom in many 
places; into this the ore is put ; another pot, placed below the 
rſt, for the purpoſe of receiving the ſulphure of antimony in 
| proportion as it melts, being ſunk in the earth. A fire is then 
made about the ſuperior pot, fo as to produce gentle heat at 
the beginning, becauſe the antimony is very fuſible; but to- 


wards the end the heat is raiſed, that the whole of the antimo- 


y contained in the mineral may be melted ont. At this pe- 
od of the proceſs a portion of other metals falls down, more 
eſpecially iron, and forms a bed of ſcoriæ on the ſurface of the 
lulphure of antimony. Though the antimony of Hungary is 
reckoned the pureſt, it is certain that all ſulphure of antimony 
vhich has been melted, if it be in the form of perfect needles, 
ad without mixture of ſcoriæ, is equally proper for all the 
ules in which this mineral is employed. It muſt only be ob- 
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ſerved, that ſulphure of antimony often differs in the relatiy, 
quantity of ſulphur and antimony which 1t contains, and that 
it is of great conſequence to make an aſſay of ſuch ſpecimen; 
as are intended to be uſed in the preparation of ſuch antimo. 
nial medicines as are intended in all caſes to have the ſame 
force or efficacy. 

The proceſs employed to ſeparate ſulphure of antimony from 
its gangue, ſhows that it is very fuſible. If the fire be raiſed 
when it is melted in open veſlels, it parts with the ſulphur, 
which is diſſipated in yellow flowers. The metallic part i 


. likewiſe very eaſily oxydated, and diſſipated in white flower, 
But if a mild heat, not ſufficient to melt the ſulphure of anti. 


mony, be employed, the ſulphur of the mineral is diflipated 
ſlowly, and by degrees; the metal uniting gradually to the 
oxygen of the atmoſphere, and forming the grey oxyd of anti 
mony. This operation cannot be well performed, unleſs the 
ſulphure of antimony be in a ſtate of minute diviſion, ſo as b 
preſent a large ſurface to the air. It is therefore reduced u 
powder, and expoſed to a low heat in a ſhallow veſſel of glaze 


earth. The proceſs muſt likewiſe be conducted with caution 


at the beginning, becauſe of the fuſibility of the antimony; 
but in proportion as it goes on, and the ſulphur is diſſipated, 
the antimony becomes more refractory, and the fire may be 
raiſed to ſuch a degree as to make the capſule, in which the 


mineral is contained, red hot. It is a proof that the operation 


is well conducted, when no other ſmell but that of ſulphur i 
perceived during the roaſting, and the matter does not gather 
into clots. But when, on the contrary, the ſulphure of anti 
mony gathers together in lumps, and the ſulphur is decompol- 
ed during its volatization, which may be perceived by the ſul 
focating ſmell of the ſulphureous acid, the heat 1 is too great, 
and muſt be diminiſhed. 

Though ſulpbur ſeems to adhere very weakly to antimony, 
in the ore we are treating of, it is not poſlible to drive it al 
entirely by roaſting ; and the grey oxyd of antimony always 
retains a conſiderable quantity, notwithſtanding the calcinatim 
has been carried on to ſuch a degree, as to deprive the met 
of its metallic properties. 

The ſulphurated and grey yd of n urged by heat 
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without addition, melts into a glaſs of a red brown, or hyacin- 
thine colour; This glaſs is variouſly fuſible, and has different 
degrees of tranſparency, accordingly as the metal made uſe 
of was more completely calcined. If the oxyd contain a 
ſmall proportion of ſulphur, and a larger of oxygen, the 
glaſs it affords is tranſparent, and leſs fuſible, and is g/a/s of 
antimony, or the vitreous ſulphurated oxyd of antimony, 
properly ſo called. But if the oxyd contain much ſulphur, 
and ſtill nearly approaches the metallic ſtate, it produces a 
more fuſible and more opake glaſs; this is called /iver of anti- 
mony, becauſe of its dull red colour, reſembling the liver of 
animals. When the oxyd of antimony has been calcined ſo 
perfectly, as that it is difficult to bring it into fuſion, a ſmall 
piece of ſulphur, or of ſulphure of antimony, may be thrown 
into the crucible, and the matter inſtantly melts. 

The grey oxyd of antimony, and the vitreous oxyd, being 
heated in a crucible with their own weight of black flux, and 
a ſmall quantity of black ſoap, or oil, are reduced, and afford 
the pure antimony. The black flux, in this operation, anſwers 
two intentions; the alkali which it contains unites to the ſul. 
phur, which has not been diſſipated from the ore by the action 
of the fire, and the coaly matter favours the reduction of the 
metallic oxyd. This is the method of preparing, what is call 
ed, the regulus of antimony in the large way for commercial 
purpoſes, The regulus is caſt into flat globular pieces, which 
have a cryſtallization on their ſurface in the form of the leaves 
of fern. 

Antimony is ſcarcely altered by the contact of light. It 
does not melt till after ignition, and if it be ſtrongly heated 
in cloſed veſſels, it is entirely volatilized without decompoſi- 
tion. If it be ſuffered to cool flowly when melted, and the 
fluid portion be poured out after its ſurface is become congeal- 
ed, the remaining part is found to be cryſtallized in pyramids, 
or quadrilateral pieces, as we have already obſerved. 

This metal melted in open veſſels is quickly oxydated. 
White thick fumes ariſe, which fall again on 'the ſurface of 
the melted metal, or adhere to the cover of the crucible, in 
the form of ſmall needles. This is a ſublimed metallic oxyd, 


to which the names of argentine, or filvery flowers of regulus of 
antimony, or ſnow of antimony, have been given, To prepare 
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ſmall quantities, a crucible is placed horizontally in a furnace, 


ſo that its rim applies to the opening of the furnace to which 


it is luted with clay. Antimony is put into the crucible, and 
the fire raiſed ſufficiently to melt it, and cauſe it to emit fume, 
The ſmoke being received in a ſecond crucible applied to the 
firſt, becomes condenſed in very flender, white, and brilliant 
needles, which appear to be quadrangular priſms. 

The white and ſublimated oxyd of antimony are not only 
ſuſceptible of volatization at the time of the deflagration, or 
burning of the ſemi-metal, but ſublime alone if again urged 
by a ſtrong heat. This oxyd may likewiſe be melted into 1 
orange-coloured glaſs, paler and more tranſparent than is made 


with the grey oxyd and ſulphure of antimony. It is likewiſe 


much leſs fuſible. Antimony is not altered by the action of 
combuſtible matters, but the oxyds of antimony are decompoſ. 
ed by ſubſtances of this nature, and reſume the metallic ſtate. 
As theſe oxyds are highly oxydated, and charged with a large 
proportion of oxygen, they very difficultly aſſume the metallic 
ſtate; and as they are likewiſe very volatile, they cannot be 
reduced but in cloſe veſſels. It appears that the white ſubli- 
mated oxyd is ſoluble in water, and poſſeſſes certain ſaline cha. 
racers. Rouelle is the firſt who made this obſervation, with 
regard to flowers of antimony ; and as ſeveral other metallic 
oxyds, and, in particular, thoſe of arſenic, molybdena, and 
tungſten, become ſaline and acid when they are ſaturated with 
oxygen, it may probably be hereafter diſcovered that the oxyd 
of antimony poſſeſſes the ſame property. 

Antimony is ſcarcely at all changed by expoſure to air, it 
being only obſerved that its ſurface becomes tarniſhed, It i 
not ſoluble in water, though ſeveral phyſicians have ſuſpetted 
that it communicates an evident emetic quality to that fluid. 
The white oxyd of antimony, diſſolved in water, communicates 
an emetic property; this action of the oxyd of antimony, to- 
gether with its ſolubility in water, and its volatility, ſhows, 3 


ve have juſt obſerved, a ſort of analogy between it and the 


oxyd of arſenic. Many mineralogiſts have hence ſuppoſe! 
that the ore of antimony is never free from arſenic ; and it it 
certain, that this ore in powder, thrown on hot coals, as well 
as the metal, emits an odour ſenſibly arſenical ; and that whev 


NOISY been expoſed during a certain time to th 


| 
{ 
t 


ANTIMONY. - 269 


vapour, he experiences its cathartic effects, and other ſymptoms 
of being ſlightly poiſoned, as I have myſelf ſeveral times ob- 
ſerved in my laboratory. 

Earthy ſubſtances have no action on antimony. Its oxyd 
enters without difficulty into the compoſition of glaſſes, and 
gives them an orange colour, reſembling that of the hya- 
cinth, 0 
The action. of the ſalino-terreſtrial ſubſtances, and alkalis, on 
antimony, is not known ; but the action. of acids on this ſemi- 
metal has been more attended to. 

When ſulphuric acid is flowly boiled on the regulus, the 
former is decompoſed, and the latter partly oxydated ; a large 
portion of ſulphureous gas is exhaled, and towards the end a 
ſmall quantity of ſulphur ſublimes. The maſs remaining after 
the decompoſition of the acid, confiſts of much metallic oxyd, 
and a ſmall proportion of metal, combined with the acid in the 
ſtate of ſulphat of antimony. The ſaline part may be ſeparat- 
ed by means of diſtilled water. This ſalt, when brought to a 
dry ſtate by evaporation, 1s very deliqueſcent, and cannot be 
made to afford cryſtals. Fire eafily decompoſes it; pure wa- 
ter, the ſalino-terreſtrial ſubſtances, and alkalis, likewiſe ſe- 
parate theſe principles, The oxyd of antimony formed by the 
ſolution and precipitation from the ſulphuric acid, 1s very dif- 
ficult of reduction. 

The nitric acid briſkly attacks antimony, oxydating a great 
part, and diſſolving the reſt. This ſolution may be well made 
in the cold. The ſalt which is produced, being ſeparated from 

the oxydated part by lixiviation, affords an antimonial nitrat, 
| which is very deliqueſcent, decompoſable by fire, and by the 
lame intermediums as the ſulphat of this metal. The oxyd of 
antimony, formed by the nitric acid, is very white, and 1s, at 
the ſame time, exceedingly refractory, and difficult of reduc- 
tion, 

The muriatic acid appears to act with more difficulty on an- 
timony than the other acids; it however diſſolves it by the 
help of a long digeſtion, and oxydates it leſs than either the 
ſulphuric or nitric acid, I have obſerved, that when this acid 
is left for a long time on antimony in powder, it acts flowly, 
and diſſolves a conſiderable quantity. The antimonial muriat, 
which is obtained in ſmall needles by a ſtrong evaporation, is 
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very deliqueſcent, melts in the fire, is volatilized, and is ge. 
compoſed by diſtilled water, like the ſublimed muriat of anti. 
mony, named butter of antimony, from which it does not ſeen 
greatly to differ. Monnet, who has well deſcribed this combi. 
nation, as effected by a conſiderable heat, obſerves, that the 
combination made with an oxyd of antimony, differs great) 
from that which is prepared with the metal, in its fixity an 
manner of cryſtallizing in laminæ, like ſulphat of lime and bo. 
racic acid. This ſalt is beſides decompoſable by water. We 
have had occaſion to obſerve, that in the ſolutions of the anti. 


mony by the muriatic acid, or by means of diſtillation, there 


is always a ſaline portion which does not riſe by the action al 


fire, and reſembles that which Monnet makes mention of 


This depends on its having been ſtrongly oxydated by the 


acid. The ſame obſervation applies equally to almoſt all me. 


tallic ſolutions which exiſt in different ſtates, accordingly « 
they contain metals more or leſs burnt or oxygenated, Berg. 
man affirms, that the muriatic acid has a ſtronger affinity with 
antimony than the other acids have. The oxygenated muritic 
acid oxydates antimony with the greateſt facility. Weſtrunb 
has diſcovered that antimony in powder, when thrown into 
oxygenated muriatic acid gas, burns rapidly with a white and 


very brilliant flame. 
Aqua regia, or the nitro-wuriatic acid, diſſolves antimony 


more readily than either of the acids which compoſe it. The 


activity of the muriatic acid is increaſed, on account of ib 


union with the oxygen ſeparated from the nitric acid. Nitro- 


muriat of antimony is very deliqueſcent, and may be decon- 
poſed like the other ſaline combinations of this metal *, 
Sulphure of antimony, or the natural combination of ſulplur 
with the metal, is in general more ſoluble, and is leſs oxydat 
ed by acids than the metal itfelf, It ſeems as if the ſulphur 
partly defended the antimony from the action of theſe ſaline 
ſubſtances. Nitro-muriatic acid has a moderate action on this 
mineral. It is a very good menſtruum for ſeparating the ſul- 
phur, which precipitates under the form of a white powder, 
Baume directs that aqua regia, compoſed of four parts of nitric, 
and one of muriatic acid, ſhould be employed in this operation; 
but he has not determined the ſtrength of theſe acids, When 


the action of the acid is over, the ſolution may be filtered, and 
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the ſulphur remains on the filter. The weight of this ſhows 
the reſpective quantities of ſulphur and antimony contained in 
the ore. It muſt, however, be obſerved, that the ſulphur, 
thus ſeparated, is always mixed with a ſmall quantity of the 
oxyd of antimony ; ſo that this experiment cannot be eſteemed 

as very exact, unleſs the portion of oxyd, mixed with the ſul- 
phur, be previouſly ſeparated by means of acids, 

A ſmall portion of kermes is formed by the ſolutiou of ſul. 
phure of antimony in muriatic acid, which proves that the wa- 
ter has been decompoſed. 

This metal decompoſes many neutral ſalts. Monnet, in his 
treatiſe on the Solution of Metals, has deſcribed an operation, 
by which he ſhows that antimony decompoſes ſulphat of pots 
aſh, He melted in a crucible a mixture of one ounce of this 
falt, and half an' ounce of the metal. A yellow, vitriform, 
exceedingly cauſtic maſs was produced, which was found. to be 
an antimoniated ſulphure of potaſh. This maſs, being waſhed 
with hot water, afforded, by cooling, a reddiſh ſulphurateg 
oxyd of antimony, or true kermes. It will eafily be underſtood, 
that, according to the new doctrine, the ſemi-metal ſeizes the 
oxygen of the ſulphuric acid, which laſt, by that means, is 
converted into ſulphur. A ſeries of experiments, which I 
have made on this ſubject, have convinced me, that many me- 
tallic ſubſtances are capable of decompoſing ſulphuric ſalts, in 
the ſame manner as I ſhall ſhow in the following chapters. 

Nitrat of potaſh is decompoſed very readily by antimony. 
When equal parts of this metal and of nitre in powder are 
thrown by ſmall portions at a time into a red hot crucible, z 
ſtrong detonation takes place, and the metal is burned'by the 
aſſiſtance of the oxygen afforded by the nitre. After this ope- 
ration, the crucible is found to contain the fixed alkali or baſe 
of the nitre, and the antimony in the ſtate of a white oxyd. 
This oxyd is called diaphoretic antimony ; we call it oxyd of anti- 


many by niere. Antimony is not uſually employed in this ope- 


ration, but the native ſulphure of antimony, or its ore; in 

which caſe, a larger quantity of nitre is required to be added ; 

as for example, three parts to one of this mineral, in order 

that not only the metal may be burned, but likewiſe all the 

lulphur to which it ig united. The reaſon why the ore is 
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preferred in this proceſs is, that the ſulphur renders the dec, Wl | 
nation of the nitre more rapid, and fingularly facilitates the 
combuſtion of the antimony. 
The matter that remains in the crucible after the detonation, 
is compoſed of the oxyd of antimony, united partly to the fx. 0 
ed alkali of the nitre, and partly to a portion of the nitre which 
eſcaped the detonation. It likewiſe contains a ſmall quantity F 
of ſulphat of potaſh, formed by the acid of the ſulphur, and 
the fixed alkali of the nitre. This compound is called the 1 
ſolvent of . Rotrou, or unwaſhed diaphoretic antimony. The matter g 
being thrown into hot water, the ſaline part is diſſolved, and 
the metallic oxyd r remains ſuſpended. The water is poured of q 
before ſubſidence, and the white and fixed oxyd is then ſuf. al 
fered to fall down; this is called waſhed diaphoretic antimony. It, 1 
muſt be carefully dried, and then moulded into little ſquare S 
pieces. The water, which floats above, holds in ſolution the * 
ſaline matters which were contained in the mixture, and alſo4 Je 
portion of the metallic oxyd, almoſt acidified, united to the alkal, br 
of nitre. This kind of antimoniat of potaſh is ſuſceptible of cry., 2 
ſtallization, according to Berthollet. Acids decompoſe it, and pre. , h 
cipitate an oxyd of antimony, called ceruſs of antimony, or the nu. 
teria perlata of Kerkringius. The liquor which remains after the | 
precipitation contains a ſmall quantity of nitre which had eſcap-, 
ed the detonation, a ſmall quantity of ſulphat of potaſh produced me 
during the detonation, and the neutral ſalt formed by the uni 
of the acid to the alkali, which holds the metallic oxyd in folu- | 
tion. Though the laſt ſalt varies according to the acid made wh 
| | uſe of, it is very improperly called antimoniated nitre of Stall Phi 
This ſalt in general is not nitre, becauſe the ſulphuric or mv Mit 
; riatic acids are uſually applied to precipitate the oxyd of anti. ha 
| | mony 3 and when the precipitation 1s well made, no part of the bun 
oxyd remains in the ſalt. nor 
The oxyds of antimony obtained by nitre may be melted in- Ira 
1 to glaſs, as well as all the other oxyds of this metal; but « mat 
| they are in a very perfect ſtate of oxydation, they cannot bt 0 
fuſed without conſiderable difficulty. For the ſame reaſon, ive 
they are not eaſily reduced into metal. They ſeem to be mor: in 
difficult of reduction than even the oxyd of antimony, mad: t : 
3 2 \ 5 
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by the fire and ſublimated. It is not yet known whether they 


be leſs ſoluble in water and in the acids. 


Antimony appears capable of decompoſing muriat of ſoda 


for if a mixture of theſe two ſubſtances be heated in a retort, 


ſublimated muriat of antimony paſſes over into the receiver, 


xccording to the obſervation of Monnet. This chemiſt has not 
deſcribed the reſidue of the operation. 


This metal does not readily decompoſe muriat of ammoniac, 


according to Bucquet, and the'butter, or ſublimated muriat of 


antimony, is not obtained in this proceſs, as Juncker affirms, . 

All eombuſtible matters act more or leſs on antimony. Hy- 
drogen gas alters its ſurface, and gives it a darker colour. It 
ifts in a much more efficacious manner on its ſolutions. ' I. 
have cauſed this gas, obtained from iron by diluted ſulphuric 
acid, paſs through a ſolution of antimony in nitro-muriatic 
acid, The latter immediately became turbid, and depoſited a 
yellow orange coloured matter, ſimilar to the golden ſulphur, 


mony, whether dry or moiſtened with water, being expoſed in 
he ſame manner to the * gas, did not to be at 
Sulphur combines very readily with antimony, and forms 
1 artificial ore, perfectly ſimilar to native ſulphure of anti- 
mony. To obtain this combination, equal parts of ſulphur and 
f the antimony are to be quickly melted in a crucible. . A 
mineral in the form of needles of a dark grey is produced, 
which never contains ſo much as the half of its weight of ſul- 
phur, unleſs one part and a half of the latter ſubſtance be uſed 
Pith one part only of the metal. I have likewiſe obſerved, 
at one ounce of the antimony melted in a retort, with one 
unce of ſulphur, produced ten drachms of ſulphure of anti- 
bony, which conſequently did not contain more than two 
irachms of ſulphur ; and. that the reſt of this combuſtible 
natter, ſwelling up by the fuſion, paſſed into the receiver. 
o more than one part of ſulphur, therefore, is required to 
ive the characters of ore to four parts of the antimony ; an 
"ice we may obſerve, how neceſſary it is to make. an aflay 


f 3 before it is uſed for medical * * order 
a. IL | g 


bat never reſembling true kermes. The oxyds of white anti- 
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that the effect of different a combined with this meu 
may be properly eſtimated. 

Alkaline ſulphures, or livers of ſulphur, completely difſol, 
antimony, and form à yellowiſh maſs, from which antimonia, 
ed ſulphur may be precipitated by any acid, which gives i 
immediately an orange colour. Hepatic, or ſulphurated bydn. 
gen gas, acts on the ſolutions of this metal abſolutely in tl, 
ſame manner as the hydrogen gas b. 8. 

Antimony unites with arſenic and with biſmuth, but thei 
* have not yet been carefully examined. 

Such are the principal properties of this metal. It is like 
wiſe neceſſary to conſider its ore, which is improperly call 
antimony. As this mineral is uſed in the preparation of a gien 
number of important remedies, it follows of courſe, that it 
properties are much better known than thoſe of the meti 
it contains. The labours of the alchemiſts with this miner 
have multiplied our knowledge concerning it, and no ſubltay 
has afforded materials for a greater number ef experiment 
than ſulphure of antimony. We have already ſeen, that by 
means of heat, a portion of the {ulphur may be ſeparate; | 
that a grey oxyd reſults from this operation, which may u 
melted into g/a/5, or liver of antimony, accordingly as its cat 
nation has been more or leſs perfectly performed, That nitt 
at the ſame time that it burns the ſulphur, likewiſe oxyd 
this metallic matter. But roaſting, and combuſtion by the a. 
dition of nitre, are not the only means of ſeparating the fu 
phur from antimony, This may be done by preſenting to tle 
mineral a body which has a ſtronger affinity need either of i 
component parts than that part has to the-other, 

We bave an inſtance of this Kind of Pt: are in iy 


plying acids to crude ſulphure of antimony. Theſe ſalts . 
efpecially nitro-muriatic acid, diſſolve the metal, and ſeparilt pe! 
the ſulphur which then floats above. The metal appears to * 
more eaſily and completely diſſolved when in ſulphure of 1 
mony than when it is pure, as has been before remarked. 1: * 
and ſome other metallic ſubſtances, depri ve the ann b * 
fulphur. | 
- Nitre is employed with ſucceſs in preparing, with ſulphun pert 


of antimony, many valuable medicines. We have alten 
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ſeen, that when one part of this ote is detonated with thiree 
parts of nitre, the ſulphur and the metal are burned, and the 
relidue is an metallic oxyd of antimony almoſt deillified; 
mixed with alkali. If equal parts of nitre and ſulphure of an. 
timony be detonated together, the detonation is of 60urſe weak 


er, For this reaſon it is neceſſary to throw the mixture by 


ſpoonfuls into a red hot erucible; whereas the other propot᷑. 
tion uſed in the making of the white oxyd, or didphoretic an- 
umday, need only be once ſet on fire, when it continues to de- 
tonate till it is entirely reduced to « white maſs. When the 
detonation of the antimony and nitre, mixed in equal ſparts, is 
finiſhed, the fire is increaſed ſo as to melt the whole; and inc 
ſtead of a diaphoretic antimony, a brown opaque brilliatit brittle 
maſs is found in the erucible, which is glaſs of antimony co- 
vered with ſcorie. --In this operation the nitte is not ſufficient 
in quantity to bari all the ſulphur ; the tetnaitider therefore 
holds an oxyd of antimony in ſelution. When the mixture is 
not heated ſufficiently to melt it, nothing is obtained but 4 
vitreous ſcoria, to which the name” of falſe liver of avitimony of 
Rulland is given, This matter reduced into powder, «nd waſh. 
ed with water, forms crocus metallorum ; which is merely oy 
of vitreous antimony pulverized and ſeparated from the ſaline 
matters produced by the detonation of the nitre. 1770 

There are two other preparations hnalogous te the bur 
ing, which are true glaſſes of ſulphurated antimony ; the one 
is the ruby of antimony, or mugngſa cpalina, made by melting 
together equal parts of decrepitated murist of ſodaz nitre, and 
$ fulphure of antimony. This fuſion, which takes place withs 
out detonation, affords a vitreous maſs of a brown e6lvury very 
brilliant, and covered with white ſcori. The other, impros 
perly called the medical regulus, is prepared by fuſing a mixture 
of fifteen ounces of ſulphure of antimony, twelve outices of 
decrepitated muriat of ſoda, and three ounces of tattaf ! The 
reſult is a black ſhining very opaque denſe glafs, nbt at all 
netallic in its appearance. Theſe two compounds, whith dit 
ter from the true /iver of antimony in certain extraneous 
perties, doubtleſs owe this difference to the marine falt which 


enters into their preparation, and whoſe effect on the ien 
"25 not yet been aſcertained. 
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When antimony is required to be prepared from its ore i, 
the ſmall way in laboratories, no more nitre ſhould be made 
uſe of than is neceſſary to burn the ſulphur, and a ſubſtance 
capable of aſſiſting in the reduction of that part of the metal 
which has been oxydated during this proceſs muſt, be added, 
With this intention, eight ounces of ſulphure of antimony in 
powder, fix ounces of tartar, and three of nitre, are taken, 
Theſe are mixed very accurately, and thrown by ſpoonfuls in. 
to a red hot crucible. The nitre detonates with the tartar 
and the ſulphure of antimony; black flux is formed, and, the 
antimony” melts and flows to the bottom. When the matter i 
well melted, it is to be poured into an iron cone, greaſed and 
made hot. The cone muſt be ſtruck ſeveral times during the 
pouring of the mixture ; after which, the whole being ſuffered 
to cool, the regulus of antimony is found at the bottom, The 
metal is covered with black and reddiſh ſcoriæ, which rapidly 
attract the humidity of the air. When the regulus is pure, its 
upper ſurface is convex, and preſents the regular figure of 
ſtar, which the exalted imagination of the alchemiſts led then 
to attribute to various cauſes. But it depends ſimply on the 
manner of cryſtallization of the metal during its cooling. The 
cooling begins at the ſides, and the fluid matter being prelled 
out from the centre towards the circumference, produces tlii 
appearance, which takes place only when the maſs of antimony 
is ſmall z for in the large maſſes of this metal, the undulatio 
of the fluid matter reſpects ſeveral centers, and inſtead of a fiat 
it is found marked with impreſſions in the form of leaves d 
fern, which er yſtallizes under different angles. Reaumur hs 
ſhown, that a ſudden cooling prevents this kind of cryſtallia. 
tion in the form of a ſtar ; and that if one fide of the cone be 
quickly cooled, no more than half a ſtar will be ſeen *, II. 
quantity of metal obtained by this proceſs, does not amount u 
the half of the ſulphure of antimony made uſe of, though th 
. in contains more. — of antimony than an 
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.. There i is doubtleſs a 3 ee the manner in a metallic buttos 
cryſtallize at their ſurface, and the form which they affect, when by careful cook 
ing, and a feparatian of the fluid portion, they are diſpoſed in ſingle cryſtals. Th 
Abde Mongex is buſied in inquiring into this relation in his reſearches on the d 
ſtallizuation ef metal. F. 
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This is cauſed 18 a portion of the metal combining wall ow 
ſaline matters which form the fcoriæ. | 
The ſcoriæ, which flow above the antimony extracted by 
this proceſs, are of a very compound nature. They contain 
the fixed alkali of the nitre, and of the tartar: united to the 
ſulphur of the antimony, and in the ſtate of an alkaline ſul- 
phure or ehr. This ſulphure holds a portion of the oxyd of 
antimony in ſolution, and is beſides mixed with a ſmall quan- 
tity of ſulphat of potaſh, formed by the ſulphuric acid produ- 
ced in the combuſtion of the ſulphur, and united to a. portion 
of the alkali of the nitre. Beſides which, they contain a coaly 
matter afforded-by the tartar. If theſe ſcori be boiled in a 
large quantity of water, and the hot liquor be filtered, the 
coaly portion remains on the filter, and the liquid, which is 
dear while it continues hot, becomes troubled by cooling, and 
depoſits a reddiſh matter, which has been hitherto conſidered - 
25 an antimoniated ſulphure'of potaſh. The precipitate is call. 
ed kermes mineral by the dry way. When the liquid affords no 
more, it may be evaporated, and a matter leſs coloured than 
the kermes is obtained, or true antimoniated ſulphure of pot- 
aſh, It likewife affords ſulphat of potaſn. If, inſtead of eva- 
porating the liquid, any acid be poured in, a yellow orange 
precipitate of ſulphurated oxyd of antimony, called the golden 
ſulphur of antimony, is produced, which does not peut to dif- 
fer much from the kermes. | 

If ſulphure of antimony, broken into ſmall pieces, de boiled 
for a ſhort time in water charged with carbonat of potaſh: or 
of ſoda, theſe alkalis diſſolve the ſulphur of the antimony, and 
form an alkaline ſulphure, which holds a part of the oxyd of 
antimony in ſolution. This boiling liquor being filtered, and 
fuffered to cool, the portion of red ſulphurated oxyd of anti- 
mony or termes which it contains precipitates z and the cold li- 
quor being filtered, the orange coloured ſulphurated oxyd of 
antimony may be precipitated anew by means of acids. If an 
alkaline lixivium be boiled again on the reſidue of the anti- 
mony, more lermer may be obtained, but this lermas is paler 
than the foregoing ; and the oftener the operation is repeated, 
the leſs true lermes is afforded. The alkali appears to diffolve 
more ſulphur than oxyd of antimony, and the mineral ſhould 
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not be boiled more than once or twice. This operation is call, | 


ed in general the preparation of kermes by the humid way. 

The name of lermes was given to this preparation by ; 
Chartreux friar named Simon, doubtleſs on account of its cg, 
lour, which reſembles that of the animal called kermes“, 
which is employed in dying. Kermes mineral has likewiſy 
been called Poudre des Chartreux, becauſe it was firſt prepare 
by perſons of that religious order. The diſcovery of this me. 
dioine is due to Glauber, who prepared it with ſulphure of u. 
timony, and a ſolution af nitre fixed by coal ; but be has de. 
ſcribed his proceſs in an unintelligible manner, and almoſi en. 
tirely under alchemiſtical emblems. Lemery, who labour 
much with antimony, and who has given us. a preparation ang. 
logous to kermes, under another name, may be regarded as the 
true inventor. This remedy, however, was offered to the pub. 
lie as an entirely new invention many years after the publics. 
tion of the works of that chemiſt, and, in fact, owes its erle- 
brity to the ſingular cures effecbed by means of it in the hand- 
of brother Simon. 'This friar had the-eempoſition from a ſur. 
geon named La Ligerie, who was not himſelf the inventor, 
This laſt affirmed that he received at from Chaſtenay, licute- 
nant in the army at Landau, to whem it had been communi- 
eated by an apothecary, who pretended to be a diſciple of Glas- 


ber. Dodart, then firſt phyficiag to the king, applied to Ig 


Ligerie to publiſh the receipt of termes, which he accordingly 
did in the year 4720. Lemery the younger claimed the diſ- 
eqvery in the name of his father in the Memoirs of the Aca- 
demy, and with great juilice, as moſt chemiſts ſtill make uſe 
of the proceſs ted dy dim for the preparation of this re- 


medy. 
The procela deſcribed pn ny conſiſts in boiling far 
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» The animal leres, or my grain, uſed in dying, is the fin of a female inſt, 
which fixes on the holm or iber, and becomes extended by degrees in the manner 
of a ſmall cap or button; it hab loſt the form of rings, by which theſe animals aro 
known : it is beneath this cap that the eggs it contains are encloſed. The inſe& 
pierce the hell, and iſſue out, and the females, not having wings, fix and die on 
the leaves of the tree, aſter having been fecundated by the males, who have wings. 
| Cochineal is another ſpecies of inſe@ ſimilar to this, as we ſhall ſhow in out 10. 

count of the animal kingdom Foxrgrgye | | | 
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two hours à pint of ram water, with four ounces of the liquor 
of nitre fixed by charcoal, and a pound of ſulphure of anti- 
mony broken into ſmall pieces. The boiling liquor is filtered, 
and the ſame ore is again boiled with three ounces of freſh lixi- 
rium diluted in a pant of rain water. Laſtly, The ſecond reſi- 
aue is boiled a third time with the preceding lixivium; two 
ounces of liquor of fixed nitre, and a pint of rain water being 
added. It is then filtered, and the kermet ſuffered to ſettle, 
which being waſhed till it is inſipid, is then dried; and, laſtly, 
after ſpirit of wine has been burned upon it, it is reduced to 
powder. This proceſs is very long, and affords but ſmall 
quantity of lermer, not more than two or three drachms from 
z pound of ſulphure of antimony. It is, moreover, very trou - 
bleſome, on account of the long ebullition, and the evaporation 
of the water. Laſtly, It occaſions a loſs of more than three 
huarters of the ore of antimony, on account of the ſmall quan- 
tity of alkali employed in proportion to that of the mineral. - 
| BaumsE, who adopted the proceſs of Lemery, gives two me- 
thods for the eaſy preparation of a large quantity of the red 
ſalphurated oxyd of antimony or hermes in a ſhort time; the 
one by the dry, and the other by the humid way. According 
to the firſt method, one pound of ſulphure of antimony is melt- 
ed in a crucible, together with two pounds of very pure falt of 
tartar, and one ounce of ſulphur, the whole being previouſly 
well pulverized. This melted mixture is poured out into an 
iron mortar, is pulverized groſsly when cold, and is then boil- 
ed in a ſufficient quantity of water. The liquor being filtered 
through paper, affords a kermes of a red brown in cooling, 
which, being firſt waſhed with cold, and afterwards with boil 
ing water, till it is deprived of all faline matter, is nn pul- 
verized, and paſſed through a fine fieve.. 

To prepare the ler mes by the humid way, according to the 
lame chemiſt, a lixivium of five or ſix pounds of cauſtic fixed 
alkali is boiled with fifteen or twenty pounds of river water. 
Four or five ounces of fulphure of antimony, previouſly levi- 
gated, is thrown into this boiling liquor, and the mixture de- 
lag well agitated, and ſuffered to boil for a very ſhort time, 5 
poured on the filter. This liquor depoſits much termes during 
tz cooling, which is to be wathed in the ſame manner as the 
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kermes produced by fuſion. According to Baume, this laſt pre. 
ceſs affords twelve or thirteen ounces from à pound of anti. 
mony, and he aſſures us that the emo kermes are — f. 
milar. 

The theory of this operation; and the nature _ W are 
not yet perfectly known, notwithſtanding the labours of many 
celebrated cherniſts. It is generally thonght that the alkali 
diſſolves the ſulphur of the ore, and that the ſulphure it form 
diſſolves the antimony: This metal, however, is not totally 
diſſolved, ſince in the proceſs of Lemery by the humid way,: 
grey powder is precipitated during the ebullition, which may 
be melted without addition into true antimony. The precipi. 
tation of the, kermes by the cooling of the lixivium, which i 
at firſt reddiſh and tranſparent, but loſes its colour in proper, 
tion as the kermes is depoſited, is a phenomenon ſtill more fu. 
gular. This compound is by others thought to be a kind of 
antimony, with an over doſe of ſulphur, and ſoluble in the hot 
alkaline lixivium. In fact, if the alkaline lixivium be heated 
on a certain quantity of kermes ready prepared, a complete 
ſolution will take place. The lixivium, which has depolited 
kermes by cooling, ſtill contains antimoniated ſulphure of pot- 
aſh ; by the addition of an acid, an orange coloured matter 
thrown down, called golden ſulphur of antimony, which 1s much 
more emetic than the kermes, and is ſuppoſed to contain a lel 
proportion of ſulphur, and more of the metallic oxyd. 

Geoffroy, who communicated to the Academy, in the Jem 
1734 and 173 5, ſeveral memoirs concerning the kermes mine- 
ral, made a great number of experiments with the intention 
analyzing it. The action of acids is eſteemed the moſt effics- 
cious means that can be employed for that purpoſe. It b 
thought that theſe ſalts diſſolve the metal, and leave the {ul 
phur diſengaged, and that the reſpective quantities of theſe two 
ſubſtances can be thence eſtimated. One drachm of kermes, 
according to Geoffroy, contains ſixteen or ſeventeen grains d 
the metal, thirteen or fourteen grains of fixed alkali, and fort 
or forty-one grains of ſulphur. Many chemiſts at preſent 
think. that the kermes does not contain an atom of alkalb 

aume affirms, that this ſalt is not one of its conſtituent pri 
eiples, and that it may be entirely deprived of it by fit 
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waſhing in a large quantity of boiling water. Deyeux, who 


has likewiſe made experiments on this ſubſtance, is of the ſame 
opinion. I have had occaſion to make the ſame obſervation in 
; ſeries of experiments made in conjunction with the La Roche- 
foucanlt. But the moſt important-circumſtance relative to the 
kermes is, that it appears to be a very different ſubſtance, ac- 
eording to the ſeveral circumſtances attending its preparation, 
It contains ſulphur and metal in various proportions ; and there 
is reaſon to apprehend that its effects muſt vary exceedingly, 
according as the proportion of theſe ſubſtances differ. In ge- 
neral, it ſeems that the ſtate of the ſulphure of antimony, the 
variety of the proportions of its component parts, its greater 
or leſs diviſion, the more or leſs cauſtic ſtate of the alkali and 
its quantity, the quantity of the water, the time of ebullition, 
and many other analogous circumſtances, occaſion fingular va- 
riations in the nature of kermes. In order that it may be the 
ſame in all caſes, it ought to be prepared with ſubſtances al- 
ways of the ſame quality, and in circumſtances perfectly fimi- 


lar. Without entering into any very long details concerning 


the phenomena the kermes has preſented, when treated by a 
great number of intermedia, I ſhall only add, firſt, That cauſtic 
alkalis greatly alter it, and diſſolve it even in the cold. Se- 
condly, That acids a& with very different degrees of force on 
this ſubſtance, and that it is exceedingly difficult to determine 
with accuracy, by means of acids, the quantity and the ſtate 
of the metal or of the ſulphur which enter into its compoſition, 
becauſe the ſulphur which is ſeparated always retains a certain 
quantity of the oxyd of antimony, 

Cauſtic alkalis act much more ſtrongly on ſulphure of anti- 
mony than mild alkalis, and produce a much greater quantity 
of kermes of a deep colour, - Lime, or lime-water, digeſted on 
antimony in powder, affords, even without heat, in a certain 
aumber of days, -a kind of kermes, or golden ſulphur, of a 
beautiful red colour. Ammoniac alters it in the ſame manner. 


When my-iat of ammoniac is diſtilled with ſulphure of anti- 


mony, a pulverulent ſublimate of a purple colour is obtained, 
which appears to be a kind of antimoniated ſulphure with baſe 
of ammoniac. 


To conclude the hiſtory of the decompoſition of ſulpture'sf 
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antimony, we ſhall add, that many metallic ſubſtances have th, 


property of depriving it of its ſulphur, by their ſtronger af, 
nity to that ſubſtance. Tin, iron, copper, and filver, produce 
theſe decompoſitions. Tin or filver, being melted together 
with this ore, unite with the ſulphur, and leave the antimony 
Iron and copper produce the ſame effe&, provided they be fir} 
reduced to filings, or very ſmall parts, and be previouſly made 


red hot before the ſulphure of antimony is added. The mine. 


ral accelerates the fuſion of theſe metals, and the brittle meta 
is ſeparated. The metal obtained by theſe proceſſes is not 
pure, but retains a portion of the metallic ſubſtance made uſe 
of to ſeparate the ſulphur. Its colour and appearance always 
indicate its impurity ; it is diſtinguiſhed —_— to the names 
of the metals to which it is united. | 

Antimony is employed in many arts, and eſpecially by the 
type makers. It was formerly uſed as a purge. Wine or 
water was poured into veſlels made of this metal, and ſuffer. 
ed to ſtand for the ſpace of a night, and the following day the 
liquor was drank : but as variations of the temperature of the 
place in which this operation was made, and of the acidity of 
the wine made uſe of, muſt have neceſſarily produced differ. 
ences in the quantity of metal taken up, it is with juſtice that 
this medicine was abandoned, as not being to be depended on. 


For fimilar reaſons, the perpetual pills, or ſmall balls of this 
metal, which were ſwallowed as purges, have been renounced. 


The ſtate of the digeſtive juices, the nature of the mucus in 
the firſt paſſages, and the ſenſibility of different individu), 
muſt have rendered their effects uncertain, — often dats 
gerous. 

Crude ſulphure of antimony, Rotrou's ſolvent, oxyd of anti- 
mony, called diaphoretic, kermes mineral, and the golden ſul 
phur, are the only antimonial medicines at preſent uſed *. 
Sulphure of antimony is employed as a ſudoriſic 14 cutaneous 
diforders. It is ſuſpended in a linen bag in the veſſels in whici 
the Pune appropriated to theſe diſorders are prepared; * 


— 


* „ 
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© Many other antimonial 3 are in common uſe i in Britain, for w 
foe the Dugena tor v. T, | | 


iny phyficians deny it to have any virtue when admit iſtered 
in this manner. It is likewiſe taken in ſubſtance, being figſt 
finely levigated, and made up into pills for the ſame purpoſe, - 
The ſolvent of Rotrou, or the alkaline oxyd of antimony, 
is greatly recommended in Iymphatic diſorders, produced by 
the congelation of that liquid, as in ſcrophulous affe@tions, and 
in general in all glandulor tumours. Many phyficians have 
10 confidence in the effects of waſhed diaphoretie antimony. 
They canfider this medicine as 2 pure onyd of antimony, wich- 
out any virtue whatſoever. We cannot, however, ſorbear 
obſerving, that this oxyd, in which Rauelle the younger has 
obſerved a remarkable degree of ſolubility, may produce ſingu- 
lr effe&s in conſequence of this property. It is hkewiſe c- 
tain, that as the action of the gaſtric and inteſtinal juices on 
metallic oxyds are not known, it cannot therefore be deter- 
mined whether a ſubſtance inſoluble and infipid to alt appear- 
ance has any virtue or no. Obſervation, however, teaches us, 
that this medieine produces but ſlight effects in eruptions, and 
in the moſt obſtinate diſorders of the ſkin, though employed 
for a long time. The unwaſhed diaphoretic antimony, or ſol- 
vent of Rotrou, which is much more active than the before- 
mentioned preparation, by reaſon of the alkali it contains, 
deſerve to be preferred. In theſe affe&tions a medicine, called 
Poudre de Chevalleray, is uſed. It is diaphoretic antimony, cal- 
cined ſeven times ſucceſſively during the fpace- of two hours, 
with freſh nitre each time, and lixiviated after each operation. 
it does not ſenſibly differ from the wafhed diaphoretic antimony, 
becauſe the metal, once well oxydated, as it is when detonated 
with three times its weight of nitre, cannot be further oxydat- 
ech and for that reaſon in this preparation no ſucceeding deto- 
nation takes place. The preſent medicine is obſerved to be 
abſolutely ineffectual when deprived of the alkali. * 
Kermes mineral is one of the moſt valuable antimonial re- 
medies we are in poſſeſſion of; it is attenuating, and is employ- 
ed with the greateſt ſucceſs in pituitous affeRions of the fto- 
mach, the lungs, the inteſtines, and even the urinary paſſage. 
It is moſt commonly uſed in diſorders of the breaſt to aſſiſt ex- 
poration, It ought not, however, to be adminiſtered, till 
iter the inflammation is abated. It has likewiſe great fucceſs 


when given in repeated ſmall doſes in catarrhs of the breaſ, 
the humid aſthma, maladies of the ſkin, glandular ſwelling, 
So. It is adminiſtered in a doſe from half a grain to two or 
three grains in proper liquids, or made up in pills. It ſome. 


times cauſes e and — pd FR _ as à ſudorifc 
3 
The golden folphur, on bre its beidg's wien us 
tie . cathartie, is not much uſed. It was formerly given u 
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uncertain. 
There are allo many 1 ee of antimony, which 
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part of this work. This metallic ſubſtance i is one of the mot 
important in the Materia Medica, and phyſicians cannet puy 


too great an attention to its properties. — vat. 


which the alchemiſts, and even the chemiſts, have beſtowel 
great labour, which has given riſe to the numerous prepan. 
dien above: — — 
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2 Ftvon te acid diſſolves only a very ſmall quantity of the oxyd of antimony, 


* 3 „ 


- The boracic acid ſeems likewiſe to have but a weak affinity for this metal. 
The phoſphoric acid forms a greaſy ſaline maſs with oxyd of antimony, Tix 
greaſy maſs is changed into a tranſparent glaſs in the fire. 
Oxalie acid forms with antimony a falt very infoluble in water. This acid 6 
Places the ſulphuric, nitric, and muriatic was from their combinations with a. 
timony. 
The acetic acid diſſolves oxyd of antimony ; but the ſalt which they form dos 


dot cryſtallize by evaporatien, 


The ſuccinic acid diſſolves the oxyd of antimony very ſparingly, The Cale which 
they form is little known, 

Arſenic acid difſolves antimony by heat with ſome difficulty. The falt whid 
they form is decompofed by dilution with water. The.precipitate ſeems to be 


= 'tombination of the oxyds of the two metals. If arſenic acid be diſtilled in the an 
+ 09 with antimony, metallic arſenic. and oxyd of antimony riſe in ſublimation. 
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The citrat and malat of antimony are unknown. * 

. ——— — it ble 
nn een 

in the atmoſphere. 

"prof of alkali precipitates antimony from ita ſolutions in acid of a white co 
be gallc acid forms with it 2 grey-bluiſh precipitate | 

arr. action either on the metal . the 
exyd of antimony. | 

The fixed akalis ſeem to diffolve a little oxyd of antininys ins hip moiſt: way. 
fa the dry they a& ſirong iy on this oxyd Ammoniac alſo diſſolves the-oxyd of 

d ahbe of antimony is prepared by melting in a covered crucible equal 
parts of the vitreous phoſphoric acid and pulverized antimony with r-16th of char- 
deal duſt, The maſs formed has a metallic luſtre and a foliated fracture. It melts 
in the fire, and burns with a green flame. During combuſtion the white oxyd of 
antimony is ſublimed. ; 

Antimony unites by fuſion with gold, and renders it pale and brittle. It may 
be ſeparated from gold by a violent heat in the form of a white ſublimate. Anti- 
mony precipitates gold from its ſolution in aqua regia, but it falls along with the 
gold in the ſtate of an oxyd. 

Platina and antimony combine caſily together. The mixture is hard, brittle, 
and fine grained. It is difficult to free the plating from this metal again, for ĩt 
becomes infuſible in proportion as the antimony is ſeparated. Platina is precipi- 
tated from aqua regia by antimony, but the antimony falls down along with it in 
the form of an oxyd. 

Silver melts eaſily with antimony, and forms with it a very brittle mixture, 
Antimony precipitates ſilver from nitric acid. Silver takes ſulphur from the ſul- 
phure of antimony by fuſion, 

Mercury does not amalgamate eaſily with antimony. Diſtilled with cinnabar, 
the antimony unites with the ſulphur, and allows the mercury to paſs over into 
the receiver, If three parts of antimony, with eight of oxygenated muriat of 


mercury, be diſtilled together, the'muriat, uſually termed butter of antimony, paſſes ' 


over into the receiver, and the reduced mercury, with ſome antimony, remains in 


the retort, If inſtead of the metal, ſulphure of antimony be uſed in this proceſs, 
cinnabar will be ſublimed into the neck of the retort. 


Lead and antimony form by fuſion a brittle maſs. It is a mixture of this kind 
which is uſed for type making, in the proportion of 80 parts of lead, to from 25 to 
15 of antimony, Lead has the ſtrongeſt affinity for acids, and takes by fuſion 
the ſulphur from ſulphure of antimony. 

Biſmuth and antimony form a brittle maſs. Biſmuth has the ſtronger affinity 
for acids, and takes ſulphur by fuſion from the antimonial ſulphure. 

Antimony forms a lead-coloured mixture with nickel. It has a leſs afinity than 
nickel ſor acids and ſulphur. 

Copper becomes pale and brittle by its union with antimohy. It precipi= 
tates antimony from acids, and takes by fuſion ſulphur from the ſulphure of an · 
timony, 

Arſcaic forms a brittle maſs with antimony. The oxyd af arſenic melts with 
it into a flux, 


Iron melts with antimony into a hard white brittle maſs. The antimony may 


be ſeparated from this combination by fire, or by ſolution in aqua regia, and ff. 
quent dilution with water. Iren having » ſerociger e for fulphue that ns 
mony, is commonly uſcd to free it from that ſubſtance. | 

Cobalt and antimony form by fuſion a brittle maſs, The cobalt ws the troop, 
eſt affinity for acids and fulphur. 

Tin melts with antimony into a white brittle mixture. — is uſed d 
the arts to hardei in. It yields to tin in its affinitics for acids and ſulphur, 

Zink forms with antimony a- brittle maſs. In precipitating antimony fun 

. aqua regia, a portion of the oxyd of zink falls along with it. The zink tas n 
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CHAPTER XIV. 
CacRNIN | G 218K, 


Zuni is a brilliant blveiſh white metallic ſubſtance, cryſtal. 
lized in narrow plates. It has neither taſte nor ſmell. It can · 
got be reduced into powder like the other metals, but becomes 
flattened under the hammer, and may even be laminated, pro- 
vided it has not previouſly been too much hammered. This 
experiment was made by Sage. When it is required to have 
zink in a ſtate of extreme diviſion, it muſt be granulated, that 
is to ſay, poured melted into cold water, or elſe reduced into 
Slings, It has the inconvenience of choking up the files. 
Macquer affirms, that when heated nearly to melting, it be- 
comes very brittle, and may then be pulverized. This pro- 
perty is very different from that of the metals, which become 
more ductile by the action of heat, and affords an adyantayge- 
ous proceſs for obtaining zink in a ſtate of extreme diviſion. 1 
It may likewiſe be obtained in this ſtate, by triturating it 
while melted, and keeping its particles aſunder by continual 
motion, before they take the ſolid form by cooling. This o- 
peration muſt not be made in an iron mortar, becauſe zink al- 
ways diſſolves a portion of this metal; a mortar and peltle of 
marble muſt be uſed. 

Zink loſes about one ſeventh of its weight by i in 
water. The particular facets which the pieces of zink met 
with in commerce preſent in their fracture, prove that this 
metal has the property of cryſtallizing i in a, peculiar manner. 
Mongez has ſueceeded perfectly in his attempts to obtain this 
cryſtallization. It is compoſed of bundles of ſmall quadran- 
gular priſms, diſpoſed in all directions, and of a blue change- 
able colour, if expoſed to air while the metal is ſtill hot. 

Sage conſiders zink as the moſt common of all the metals 
after iron, He affirms that he found it in all the martial py- 
rites ; and Grignon affirms that the cadmia fornacum, obtained 
from the earthy ores of iron, contains much zink. 

Native zink is very rana moſt naturaliſts doubt whether i 

BY 
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exiſts at all; yet Valmont de Bomare affirms, that he ſaw iy 
the mines of lapis calaminaris, in the duchy of Limbourg, aud 
in the mines of Goſlar, ſpecimens of this in ſmall flexible fibres 
of a greyiſh colour, and eaſily taking fire. 

This metal is moſt commonly found in the ſtate of an oxyl, 
It then conſtitutes lapis calaminaris, which has a great variety 
of forms. It is ſometimes cryſtallized in cubes, in priſms, in 
leaves, or in plates; but moſt commonly i it is in irregular maſſe, 
Its colour is likewiſe ſubje& to variations. In ſome ſpecimens 
it is white, in others grey and yellow, and in others reddiſh, 
Though very hard, it is never ſufficiently ſo to give fire with 
the ſteel. It is found in quarries of conſiderable extent in the 
duchy of Limbourg, the counties of Namur, and of Notting. 
ham and Somerſet in England. Marine fubſtances, calcareous 
ſpar, &c. are often met with in calamines, which proves that 
they have been formed by a ſubſidence from water. The 14. 
pis calaminaris is likewiſe called natural or foſſil cadmia. Berg. 
man, who has made a moſt extenſive inquiry into the analyfi 
of the ores of zink, found in almoſt all calamines, filiceous 
earth, alumine, aud oxyd of iron, in different proportions ; the 
calamines contain from four to thirty hundredth parts of me- 
tal. The Abbe Hany has diſcovered the electric property ol 
tourmalins in all cryſtallized calamines. The zeolite formed 
calamine, the analyſis of which has been given by Pelletier in 
the Journal de Phyſique exiſts in ſmall plates, which has 10 
reſemblance to zeolite. It is becauſe this ſubſtance forms 1 
jelly with acids that r Rave min confounded 
it with true zeolite, | 

Zink united to ſulphur forms blende or falſe galena. Tui 
ſulphure of zink is ordinarily diſpoſed in ſcales. Sometimes 
it appears cryſtallized in tetrahedral, octahedral, and dodecahe- 
dral figures. Its colours are various. In ſome ſpecimens it reſem- 
bles that of lead, but moſt commonly it is black or reddiſh. A 
yellow and tranſparent ſort is found at Ronſberg in Norway, it 
. Goſlar, and Sainte-Mariz. Some blends are phoſphoric when 
rubbed in the dark. There are ſome which have this proper- 
ty in ſo high a degree, that the ſtroke of a toothpick actols 
their ſubſtance is ſufficient to ſhow it. Blende -has been called 
by the name of ferile nigrum, becauſe when it has been melted 
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to obtain the lead it appeared to hold, nothing was obtained; 
the zink having been driven off in conſequence of its volatility, 
All blendes, when rubbed or diſſolved in an acid, give out a 
very ſenſible ſmell of ſulphurated hydrogen gas. Cronſtedt 
conſiders this ore as Zink united to ſulphur by the intermedium 
of iron. Sage thinks that it contains an earthy — or 
liver of ſulphur. \ 

Zink is likewiſe found in the ſaline ſtate combined with the 
carbonic and ſulphuric acids. The firſt” of thefe natural com. 
pounds is known by the name of vitreous ore of æint, or zink 
ſar, This ore is white, grey, or blueiſh;, gives fire with ſteel, 
is heavy, ſometimes cryſtallized ;' alſo in ſtalaQites or amor. 
phous ; it diſſolves with efferveſcence in acids; and affords car- 
bonic acid. According to Bergman, one hundred grains con- 
tain ſixty-five of oxyd of zink, een eight of carbonic acid, 
ſix of water, and one of iron. 

Sulphat, or native vitrio of zink, is found in rhomdeidat 
cryſtals, and in white ſtalactites; it is often cryſtallized in fine 
needles, or filky fibres, reſerdbling amianthus. In this ſtate it 
is ſometimes confounded with plume-alum. It is found in 
Italy, and in the mines of Goſlar, in the Hartz. The zink ores 
may be diſpoſed in the following manner, according to the — | 
in _ the metal exiſts, 


| mY ary. 
Native Zink in idle, greyiſh, and inflummable * 


STATE I; a 
Twas Calami ne. 
Varieties, 


= 
oy 


1. Oxyd of zink, or white calamine, in long tetrahedral pril. 
matic cryſtals, grouped confuſedly ; ; it ſometimes i is greek- 
; 
2, Oxyq of zink, or calamine, cryſtallized in 8 
pyramids fimilar to the dogs - tooth- par, of a white grey, 
greeniſh, or reddiſh colour. Sage and Roms de Liſle 
think, that while this calamine is depoſited, the calcare- 
ous ſpar i is decompoſed ; ; it is often found, in fact. partly 
calcareous, and hollow i in its internal parts. 


4 
on of zink, or calamine folid, and, as if worm-eaten ; 5 "if 
A. II. 
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is furrowed, un and cryſtallized,” as it were, in 
dendrites. 

4. Oxyd of zink, 1 a ſolid RY PAR ; lapis calaminz. 
ris. That which is obtained from the county of Namut 
is always calcined ; it is not allowed to be exported, 
without previoully ſubjeRing it to this operation, 

5. Oxyd of zink, or „ eb. in * or yellowiſh ſtalag. 
"mites, 

6. Oxyd of zink, or zeolitiform calamine, known by the 
name of Zeolite of Friburg. Pelletier has diſcovered, 
that this pretended zeolite, of a pearl colour, contains 
in one hundred parts, from forty-eight to fifty-two, d 
- flex, thirty-ſix of the oxyd of zink, and eight or twely 

of water. 6 


STATE III. 
Zink mineralized by Sulphur, Sulphure of Zink; Blend:. 


The principal varieties of this ore of zink are to be diſtu. 
guilhed by their diverſities of form. Cubic blende has been ſo 
named from a fallacious appearance. The following are the 
principal varieties of form which it aſſumes, according to 
L'Abbe Hany. 


Varieties. | 
1. Dodecahedral blende, with chambie Auen This is the 
primitive form which is obtained from a very accurat 
ſubdiviſion of the cryſtals. It has not yet been found un 
nature without additional facets. 
2. Blende with twelve trapezoides and twelve Chg? 
3- Blende in regular octahedrons. 
4. Blende in regular tetrahedrons. 
5. Beſides theſe five varieties, conſidered by mineralogiſts 
ſpecies, there are others diſtinguiſhed by colour; tht 
blueiſh grey with a metallic aſpect, the black, the re, 
or reddiſh brown, the yellowiſh green, the waxen ye 
low, &c. They are all either ſbapeleſs or cryſtallized 
6. Blendes may alſo be diſtinguiſhed by the greater or le 
degree of phoſphoreſcence excited by friction, by the fr. 
tid ſmell of ſulphurated bydrogen which they emit whet 
j heated or rubbed. - 
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5. Sulphure of zink, or hlende in a ſtate of decompoſition, 
the plates of which ate ſeparated, and their luſtre de- 
ſtroyed. This paſſes to the ſtate of oxyd of zink, or of 


calamine. | 
STATE IV. 
6 Saline Zink. 
Varieties. | | 2 
1. Carbonat of zink, ſpathoſe zink, or vitreous ore of 
Zink. | 


2. Sulphat of zink in rhombqidal cryſtals, in ſtalactites, or in 
fibres of a ſilky appearance. e 

To make an aſſay of calamine, nothing more is neceſſary in 
general than to pulverize and mix it with charcoal, and to 
heat it in a crucible covered with a plate of copper; the latter 
becomes yellow, and is converted into braſs. Bergman has 
made a much more perfect analyſis of calamines by the humid 
way. He applied the ſulphuric acid to decompoſe pure cala- 
mines, and the carbonat of zink. The ſolution contained ſul- 
phat of zink and ſulphat of iron. He decompoſed the latter 
by a known weight of zink, and precipitated it afterwards by 
carbonat of ſoda. He finds, by experiment, that one hundred 
and ninety-three grains of this precipitate contain one hundred 
grains of zink. From the weight of the precipitate be deduQs 
he weight of the zink employed to precipitate the iron. 

Moſt ca/amines being more compounded than thoſe here men- 
tioned, and containing filex, alumine, and lime, combined with 
the oxyds of zink, iron, and even lead, Bergman firſt treats 
them three ſucceſſive times with twice their weight of nitric 
cid each time. By heating the maſs to dryneſs, the acid oxy- 
dates the iron, and renders it inſoluble. He afterwards diſ- 
ſolves the ſoluble part in additional nitric acid, the iron, the 
flex, and the alumine remaining behind. The acid takes up 
the lime, the oxyds of Zink and of lead: muriatic acid is em- 
ployed to precipitate the latter; the ſulpburic acid to ſeparate 
the lime, and the zink is laſt of all precipitated by alkaline 
prulliats, The fifth part of the weight of this precipitate he 
takes to expreſs the Zink contained in the calamine. He like- 
Wile employs a ſecond method; ſulphuric acid is diſtilled from 
amine to dryneſs, the reſidue is afterwards lixiviated in 
TH 
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warm water ; from this lixivium he precipitates the iron ang 
alumine by cauſtic ammoniac ; the oxyd of zink reinains ſu. 
{pended in the ſolution of ammoniacal ſulphat. 

The affay of blender, after previous roaſting, was formerly 
made in the ſame manner as ca/amines ; Monnet is the firſt wh, 
affirmed that they might be conveniently aſſayed by ſolution in 
aqua-fortis, which unites to the metallic ſubſtance, and ſepa. 
rates the ſulphur. The oxyd of zink is ſeparated from the 
nitric acid by diſtillation. Bergman has made the ſame accy. 
rate experiments on theſe ores as on the calamines, and ha 
greatly improved on Monnet's method of the humid analyſis, 
He firſt ſeparates the water, the arſenic, and part of the (yl. 
phur they contain, by diſtillation ; next he treats them with 
different acids, accordingly as theſe a& more or leſs upon their 
contents, and precipitates the ſolutions by different re-agents, 

The ores of zink are not worked for the purpoſe of gaining 
this metal. It is obſerved, during the ſmelting of lead ores 
mixed with blende, that the zink is ſublimed in the chimney 
of the furnaces, in the form of an oxyd, and produces greyiſh 
incruſtations, named Zuttia or cadmia fornacum. Another pot- 
tion 1s obtained in the metallic form, by cooling the anterix 
part of the furnace (la chemiſe). The zink being driven up 
in the vapourous form by the action of the fire, is condenſed 
in this place, and falls in ſmall grains into powder of charcoal, 
which covers a ſtone (aſſiette du zink) placed below. This 
metal is preſerved from oxydation by the powder of charcoal, 
and is afterwards melted in a crucible, and run into moulds, 
Such is. the proceſs by which the gfeateſt part of the zink found 
in commerce, is obtained at Rammelſburg, whether in the ſtate 
of oxyd or metal. This zink is" always united to a certall 
quantity of lead: it ſeems that the zink prepared in Chins 
which comes to us under the name of tutenag, is much purer“, 
but the manner of preparing it is unknown. Sage aſſures us, 
that the Engliſh obtain zink in the large way, from lapis cal 


— 
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* Mr, Kirwan gives the name of Yutenog to a variety of the brittle calamine d 
China, which was analyſed by Mr. Engeſtrom, for which ſee the Memoirs of the 
Academy of Stockholm, for the year 1775. This ore is very rich, and conta 
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minaris, by dilution, but that their apparatus is _ a - 
cret. l 

Zink expoſed to heat in cloſe veſſels, melts befots den 
and is volatilized without decompoſition. If it be ſuffered to 
cool ſlowly in a veſſel, by which the melted portion of the fſemi- 
metal can be ſuffered to run out, the remainder of the zink is 
found cryſtallized in needles, or flender priſms. © Mongez, for 
this purpoſe, uſes a veſſel pierced at the bottom and at its 
fides, with a number of holes which he ſtops with earth of 
bones. When the zink cools at its ſurface, the holes are to be 
opened gradually, and the metal agitated by a red hot iron, 
introduced through one of theſe openings. This fimple pro- 
ceſs occaſions the melted portion of the zink to run ont; the 
vefſel is then to be ſhook, till no more melted metal runs out, 
and the cold portion cryſtallizes. If it be left in the veffel, it 
retains its metallic colour, but if it be expoſed to air, it takes 
a tarniſh of rainbow colours, When zink is melted with con- 
tact of air, it becomes covered with a grey pellicle, which is 
quickly converted into a yellowiſh oxyd, and exfily reducible. 
This oxyd weighs more than the zink made uſe of, but if the 
metal be ſtrongly heated, it burns with a white, or light green- 
ih yellow flame, very brilliant, and fimilar to that of phoſpho- 
tus. The current of this flame drives up the oxyd of zink, 

which is condenſed in the air in the form of white, and very 
light flocks, named flowers of zink, pompholix, nibil album, philoſe- 
phical woo9l, or cotton.” It is an oxyd of zink, ſaturated with 
oxygen, and weighs more than the metal made ufe of to form 
it; Baume having obtained from each pound of zink ſixteen 
ounces, fix drachms, fifty-four grains of flowers, though a con- 
ſderable quantity muſt undoubtedly have eſcaped. It is not vo- 
latile, its ſublamation being produced only by the rapidity with 
which the zink burns; it conſequently remains very fixed 
when expoſed to heat alone in a ctucible. It preſerves for 2 
certain time a phoſphoric light, ſenſible in the dark. It may 
be fuſed into glaſy, by a moſt violent heat; the 3 oxyd 
of zink has a beautiful yellow colour. 

The oxyd and the glaſs of zink are nothing mere than the 
metal combined with the baſe of vital air or oxygen. The 
glaſs does not appear to differ from the white oxyd, but by 
T iij 
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the more intimate union of the two principles. This com, 
pound is among the number of metallic oxyds which heat dan. 
not deſtroy, and are not reducible without addition. Its de. 
compoſition cannot be effected, unleſs it be heated in contag 
with combuſtible bodies. A mixture of white oxyd of zink 
and charcoal, or any other combuſtible body, being Rrongly 
heated, zink 1s obtained, and the charcoal is found to be part. 
ly burned, by virtue of the oxygen it has taken ſrom the me. 
tallic oxyd. Zink has therefore leſs affinity with the oxygen 
than charcoal has, though it ſeems to be more combuſtible, 
This operation does not ſucceed well, but in eloſe veſlels, and 
for that reaſon the Engliſh are ſaid to reduce lapis calaminari 
by diſtillation. 

Zink is ſcarcely alterable by the air. Its ſurface tarniſlez 
2 little, and appears to ſuffer a flight beginning of oxyd. 
tion. 

Water has a ſtrong action on Zink; when this metal beging 
to be red hot, it is then eaſily oxydated, and a large quantity 
inflammable gas is given out; a proof that the water is de. 
compoſed by the zink, which ſeizes its oxygen by the aſſiſtanc 
of an elevated temperature. Layaifier and Meuſnier have al. 
certained this fact in their experiments concerning the decom- 
poſition of water. The bydrogen gas obtained in this pro- 
ceſs, holds a ſmell quantity ot charcoal in ſolution, which 
comes from the zink. 

Zink has no action on the Gliceous and aluminous earths, 
hut its oxyd enters into vitreous Wee and colours then 
yellow. _. . 

Barytes, magneſia, and lime, have no action on zink. 

Cauſtic potaſh, and ſoda, being boiled on this metal, tum 
its ſurface black, and themſelves acquire a dirty yellow colour, 
by holding in ſolution a certain quantity of the oxyd of zink, 
This may be ſeparated by acids, as has been ſhown. Am- 
Inoniac acts leſs ſtrongly on zink when heated, no doubt on ac- 
count of its volatility ; but by cold digeſtion it diſſolves a ſmall 
quantity. In theſe three ſolutions, a certain quantity of hydro: 
gen gas is diſengaged, the production of which appears to be 
que to the water. So that it is this fluid which acts on the 
metal, oxydates it, and renders it partially ſoluble in alkals 
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The ſulphuric acid diluted with water diſſolves zink in the 
cold. In proportion as the acid exerts its action, the metal 

becomes of a blackiſh grey, much heat is produced, and a black 
| powder is precipitated, which was long unknown, but is found 
to conſiſt of carbure of iron or plumbago. A large quantity of 
hydrogen gas, holding a ſmall quantity of charcoal in ſolution, 
is diſengaged, This elaſtic fluid, whoſe ſmell is fimilar to that 
of the gas obtained during the ſolution of icon by the ſame 
acid, is certainly produced by the water; for concentrated ſul- 
phuric acid does not diſſolve zink without the affiltance of 
heat, aud then produces only ſulphureous gas. The water 
therefore begins the oxydation of the zink, and the acid after- 
wards diſſolves the oxyd of this metal. When no more hy- 


changes, and perfectly reſembles greaſe beginning to be rancid. 
The liquor is whattih, and rather cloudy, but becomes tranſ- 
parent when diluted with water. It affords a white ſulphat of 
zink by evaporation, rather more ſoluble in hot than in cold 
water, and of which a portion cryſtallizes by cooling. Very 
regular cryſtals of this ſalt, known in the arts by the name of 
white copperas, white vitriol, Goflar vitriol, are eaſily obtained by 
expoſing for ſome days to the air a ſolution of the ſalt made in 
boiling water, and a little evaporated : tetrahedral priſms are 
then formed, terminated by pyramids of four ſides; the fides 
of theſe priſms are ſmooth. This form was pointed out by 
Sage and Rome de Lille, and I have myſelf remarked it. Buc- 
quet has obſerved that theſe priſms were rhomboidal. Mon- 
vet, however, affirms, that this ſalt cryſtallizes with great dif- 


, 


afford regular cryitals without conſiſtence. The white oxyd 
of Zink likewiſe diflolves in the ſulphuric acid, and affords ſul- 
phat of zink. | Rt 
This ſalt has a ſtrong Ryptic taſte. According to Hellot, it 
loſes a part of its acid by the action of ſire. This acid has the 
characters of ſulphureous acid, and becomes hot with concen- 
trated ſulphuric acid, according to the obſervations of Mac- 
quer. After the action of the heat, this ſulphat appears to be 
converted into ſulphit of Zink, whoſe properties are not well 
known, The ſulphat of zink is very little altered by expoſure 
T 1:1 


drogen gas is diſengaged, the efferveſcence ceaſes, the ſmell 


ficulty, and requires much evaporation, and ſudden cooling, to 
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to air, when it is very pure: in the courſe of time its oxy? 
becomes calcined ſtill more by abſorbing oxygen; it aſſume; 
yellow colour, and is no longer perfectly ſoluble in water 
Sulphat of zink is decompoſable by alumine, barytes, magneſa 
lime, and the three alkalis. The oxyd of zink precipitated h 
theſe ſubſtances may be re- diſſolved in acids, and even in alla 
lis. Ammoniac becomes of a dirty brown colour, after diffoly. 
ing it. The ſulphat of zink decompoſes nitre, and is itſelf de 
compoſed by this neutral ſalt, By diſtilling this mixture, tw 
kinds of nitrous acid, which do not mix, are obtained, together 
with the glacial ſulphuric acid; we ſhall ſpeak more fully a 
this ſubject at the article of ſulphat of iron, or martial vitry|, 
A ſulphat of zink, prepared in the large way at Goſlar, i 
met with in commerce under the name of white vitriol. Iti 
made thus: blendes are roaſted, a portion of the ſulphur burn, 
and furniſhes ſulphuric acid, which diſſolves the oxyd of zial 
The roaſted ore is then waſhed, and the lixivium being decat- 
ed, is expoſed to evaporation, and affords cryſtals. The fat 
being melted by a gentle heat, ſo as to deprive it of its wan 
of cryſtallization, and then ſuffered to cool, becomes condenit 
into white, opake, and granulated maſſes, reſembling ſugar 
The vitriol of Goflar, when diſſolved in boiling water, cryltl- 
lizes by cooling. Its cryſtals are ſomewhat reddiſh, a circun- 
Nance to be attributed to the impurities of the ſalt, which i 
ſuppoſed to contain a ſmall quantity of lead and iron. T6 
purify it, zink may be thrown into its ſolution. This met 
precipitates the oxyds of iron and of lead, becauſe it has 4 
ſtronger affinity with the ſulphuric acid; and the liquor bem 
filtrated, is conſequently found to contain pure ſulphat of zink. 
There is till greater reaſon to think, that the impurity of tht 
vitrio of Goſiar conſiſts in the oxyd of iron, from the circus 
ſtance of the zink met with in trade being magnetical, doudt- 
leſs becauſe it contains iron. Experiments concerning thi 
metal ought therefore not to be made, but with zink prepare 
by reducing the precipitate of ſulphat of zink purified in the 
manner here ſhown. We muſt, however, obſerve, that zink i 
very often magnetical only at that part of the piece which hs 
been cut with ſciſſars, or iron wedges. 

The diluted nitric acid combines very rapidly with zink 
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without the aſſiſtance of external heat. A conſiderable heat is 
produced in this ſolution, as well as in that wherein the ſul. 
phuric acid is uſed. The lively efferveſcence which accompa. 
nies this combination is occaſioned by the diſengagement of a 
large quantity of nitrous gas, which ſuddenly grows red by 
mixing with the air, when the operation has been performed 
in 2n open veſſel, but which is colourleſs, and may be confined 
over water, by plunging the extremity of the veſſel containing 
the mixture underneath the orifice of 'a glaſs containing that 
fuid. This experiment ſhows that zink decompoſes the nitric 
acid, and deprives it of a portion of its oxygen. I the zink 
de mixed with a portion of iron, it is covered with s reddiſh 
ochteous powder, which is merely a portion of that metal 
highly oxydated by the acid. If it be pure, certain flocks of a 
blackiſh matter, or carbure of iron, are precipitated, as is ob- 
ſerved with the ſulphuric acid. The nitric acid holds a much 
larger quantity of oxyd of zink in ſolution than the. fulphu- 
ric. Baume affirms, that fix ounces of this acid diſſolved five 
drachms and a half of zink in leſs than two hours. The nitric 
ſolution of zink is of a greeniſh yellow, and not perfectly clear 
when newly made, but it loſes this colour, and becomes tranſ- 
parent, after ſtanding for ſome time. It 1s very cauſtic, and 
quickly corrodes the ſkin, though made with an acid dilated 
with water. I have obtained, by evaporation and cooling, ery- 
ſtals in tetrahedral ſtriated flat priſms, terminated by pyramids 
of four ſides, likewiſe ſtriated. The nitrat of zink being put 
on hot coals, firſt melts and detonates as the portions become 
dry, and the detonation is attended with a ſmall reddiſh flame. 
The ſame phenomenon does not appear when the fuſion is per- 
formed in a crucible. It cannot be dried, even by the mildeſt 
heat, without alteration ; vapours of nitrous gas in this caſe 
eſcape, and it becomes of a brown red, and of the confiſtence 
of a jelly. If it be ſuffered to cool in this fate, it preſerves 
its ſoftneſs for ſome time; but if it be kept heated for a ſuffi... 
clent time, it dries entirely, and leaves a yellowiſh oxyd. Hel- 
lot has obtained from the diſtillation of nitrat of zink a very 
fuming nitrous acid, and obſerved the red colour it aſſumes in 
melting. It may be conceived, that heat diſengaging the ni- 
trous gas of this ſalt, it paſles to the ſtate of nitrit of wink, It 
| 1 | 
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_— afords a certain quantity of oxygenous gas or vital 

The nitrat of zink quickly attracts humidity, and lit 
its — form after ſome days expoſure to the air, n 
remaining but ſtriated and pointed priſms, whoſe figure can 
ſcarcely be determined. It is not known whether it is decom. 
poſable by other acids. Pott and Monnet affirm, that oxyd af 
zink has a ſtrong affinity with all theſe ſalts, without having 
any preference for any one in particular. The white oxyd df 
Zink forms abſolutely the ſame ſalt with the nitric acid, ac, 
cording to Hellot. If fuming nitrous acid be uſed. in this ſo. 
lution, the produce 1s nitrit of ranks whoſe properties are nut 
Jet exactly known. ; 

The muriatic acid acts on zink as ſtrongly as the nitric, 
During the rapid efferveſcence which accompanies this combi. 
nation, much hydrogen gas is diſengaged, which has the ſame 
properties as that afforded by the ſulphuric acid ; and this laſt 
known to be derived from water decompoſed by zink. Black flocks 
are gradually depofited, which is nothing elſe but a combins 
tion of carbone, or charcoal and iron, or carbure of iron. The 
ſolution of zink by the muriatic acid is colourleſs, and does not 
afford cryſtals by evaporation ; when heated, it becomes of z 
blackiſh brown, emits acrid and penetrating vapours of muti- 
atic acid, and becomes very thick. Expoſed to the air for 
eight days in this ſtate, it affords no cryſtals. ' By diſtillation 
it gives out a ſmall quantity of very fuming acid, and a ſolid . 
and fuſible muriat of zink. Hellot and Monnet have deſcrib- 
ed this experiment very accurately; I have repeated it many 
times in my courſes of lectures, and obtained a ſmall quantity 
of yellowiſh acid, which was ſucceeded by a congealed matter 
in the neck of the retort, This muriat of Zink was of the fiel 
milk-white colour, very ſolid, and formed of ſmall radiated 
needles, in the manner of a ſtalactite. It is fuſible by a gentle 
heat. I have preſerved it for ſeveral years in well-cloſed vel- 
ſels of glaſs. It has attracted very little moiſture ; the pan 
which touches the glaſs is yellowiſh, and the bottom of the bot 
tle preſents rainbow colours. This alteration doubtleſs depend 
on the action of light. + There remains in the retort which i 
uſed for this diſtillation a blackiſh vitriform and deliqueſcent 
matter. The muriat of zink which Hellot obtained was ye 
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lowiſh ; he ſays, that the ſulphurie acid diſengages the muria- 
tic, The oxyd of zink has the ſame habitude with this acid, 
The oxygenated muriat of zink is not yet known. 
The liquid carbonic acid in which zink or its oxyd are — | 
reſted in the cold, diſſolves, at the end of twenty-four-hours, a 


| . quantity of this metal, according to Bergman. 


This ſolution, when expoſed to the air, becomes covered with 
a pellicle, which reflects various colours, and is merely a car- 
bonat of zink, according to that celebrated chemiſt. T7 
The action of the fluoric and boracic acids on zink are not 
known it 1 
All the ſolutions of ank 5 in acids. are precipitated by lime- 
water, magneſia, the fixed alkalis, and ammoniac. The oxyd 
of this metal then appears in the form of white or yellowiſh 
focks, according to the ſtate of their ſolution, or the purity of 
the precipitant. This oxyd is reducible by the addition of 
combuſtible matters, is ſoluble in acids and in alkalis. When 
more of the latter is added than is neceſſary to diſengage the 
oxyd of Zink, the precipitate diſappears by degrees, and the 
liquor aſſumes a dirty yellow colour, which indicates the ſolu- 
tion of the oxyd of zink in the alkali. When, inſtead of pure 
and cauſtic alkalis, the carbonats of potaſh, of ſoda, and of am- 
moniac, are uſed to ſeparate the zink from the acids, the effer- 
reſcence is very inconſiderable, the precipitate is white, and it 
is found that the carbonic acid unites with the oxyd of zink, 
lo that in theſe caſes two decompoſitions and two new combi- 
nations are effected. 
Zink has the property of decompoling favored nentral cats, 
l it be treated in the dry way with ſulphat of potaſh in a cru- 
cible, it decomnoſes the ſalt, and forms ſulphure of potaſh in 
the ſame manner as antimony does. In this experiment the 
zink ſeizes the oxygen of the ſulphuric acid, and the acid paſſes 
into the ſtate of ſulphur, which the alkali diſſolves. The ſul- 
phure formed by this combination . diſſolves a portion of the 
— of zink. All the . are likewiſe 1 by 
5 V 
This metal, ; in 38 or in nes nts nitre to Feed 
with ſingular rapidity. The mixture being very dry, and 
brown by ſpoonfuls into a red- hot crucible, produces a White 
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and red flame, The activity of the inflammation is ſuch, thy 
portions of burning matter are thrown to a diſtance out of th, 
| crucible, in ſuch a manner as to require ſome precautian 
the part of the operator. The zink burns by the afliſtance x 
the oxygen afforded by the nitre, and is afterwards found i, 
the ſtate of an oxyd, more or leſs perfect, according to the 
quantity of nitre uſed. One part of the reſidue is ſoluble in 
water. It confiſts of the potaſh combined with a portion d 
the oxyd of zink, which may be precipitated from its ſolutio 
by the addition of acids. Reſpour attributed to this ſolutia 
the property of diſſolving all the metals, if Hellot may be cre. 
dited, who gives it as the a/tahef? of that alchemiſt. 

Zink, according to the experiments of Pott, appears capable 
of decompoſing muriat of ſoda. It eſpecially decompoſes an. 
moniacal muriat with great facility. Monnet affirms, that th 
metal triturated with ammoniacal muriat, diſengages the ans 
moniac. Bucquet has obſerved, that when this ſalt and zink 
are diſtilled together, much ammoniac gas and hydrogen gu 
are produced by the combination of the muriatic acid with thi 
metal: and he was ſenfible that the facility with which the 
zink diſengages the ammoniac, is a conſequence of its ſtray 
action on the muriatic acid. The oxyd of Zink likewiſe dil 
gages it, according to Hellot. The reſidue of this decompdb 
tion is muriat of zink, which may be ſublimed. 

When a ſolution of ſulphat of alumine is boiled with filing 
of zink, a decompolition takes place, which affords the ſulphi 
of this metal. The baſe of this ſalt, therefore, ſeems to hart 
a weaker affinity than zink with the ſulphuric acid. This fat 
was obferved by Pott, and we ſhall have occaſion to make tit 
ſame remark with regard to many other metallic ſubſtances. 

The effects of hydrogen gas on zink have not yet been ex 
mined. I have only obſerved, that this metal, plunged in ths 
gas, aſſumes, after a certain length of time, a beautiful but 
and changeable colour; but 1 have not followed this alterat 
any further. It does not ſeem capable of reducing the oxydd 
this metal, which retains the oxygen with great force, u 
which decompoſes the water. | 

Zink does not appear to combine with ſulphur but with il 
greateſt difficulty. When theſe two ſubſtances are melted i 
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gether, they remain diſtin without contracting any kind of 
union. Dehne, however, obſerved, that if they be kept for 

a certain time in fuſion together, the zink is partly oxydated, 
aſſuming at the ſame time a brown or greyiſh colour, and be- 
coming heavier, Morveau diſcovered, fince the time of the re- 
mark of Dehne, that the oxyd of zink unites eaſily with ſul- 
phur by fuſion, and that a grey mineral is produced very fimi- 
lar to the Blende of Huelgoet, from which yellow and priſmatic 
needles are ſometimes ſublimed, and fix themſelves to the co- 
ver of the crucible. Morveau obſerves, that it is ſtill more 
probable that hende is naturally formed by the combination of 
the oxyd of zink and ſulphur, as native zink has never yet 
been found. 

Malouin has not ſucceeded i in his attempts to combine zink 
with the alkaline ſulphure, whether by the humid or by the 
dry way, or by varying the proportions of theſe two ſubſtan- 
des to each other b. 

The ſame chemiſt combined zink with arſenic. He obſerv- 
ed, that this metal does not unite ſo well with zink, as the 
oxyd of arſenic does; nevertheleſs, in an experiment, where- 
in he diſtilled a mixture of this oxyd with tallow and zink, he 
obtained a blackiſh maſs reſembling blende, but leſs conſiſtent. 
It likewiſe appears that the zink ſeizes the oxygen of the oxyd 

of arſenic when they are diſtilled together, and that a portion 
of this metal is burned, at the ſame time that a portion of the 
oxyd of arſenic is revived. A ſeries of experiments, made with 
a view to diſcover the reciprocal action of metallic oxyds and 
metals on each other, and to determine the elective attractions 
of the oxygen with. theſe ſubſtances, could not fail of proving 
highly inſtructive. 

It is not known whether zink is capable of being alloyed 
with cobalt. | 

It does not combine with e and when theſe two me- 
tals are fuſed together, the biſmuth takes the lower place on 
account of its greater weight, mn. be ſeparated by a 
ſtroke of the hammer. 

Zink, fuſed with antimony, affords a hard and brittle alloy, 
which Malouin fimply mentions, without — out any of 
its other properties. . 
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+ Zink is of great uſe in the arts. It is employed in maty 
alloys, eſpecially in tombac, ruchbec, or prince's metal Fin, 
filings of zink are uſed to produce the white and brilliant ſtars 
in fire-works. ' Some perſons have propoſed to ſubſtitute this 
metal inſtead of tin for lining veſſels, the tin having been 
ſuppoſed to be dangerous. Malouin, after having compar. 
ed theſe metallic ſubſtances in Two Memoirs, printed among 
thoſe. of the Royal Academy of Sciences for the years 1143 
and 1744, gives an account of the experiments made hy 
him reſpecting the lining of veſſels with zink. From his 
reſearches it appears, that this lining ſpreads more evenly 
on the copper, is much harder, and leſs fuſible than that 
of tin, and conſequently more durable, and leſs ſubject t 
leave the copper uncovered. Macquer, who acknowledge 
theſe advantages, has however made ſeveral very import. 
ant obſervations concerning the uſe of zink for culinary vel. 
ſels, and thinks it dangerous, becauſe it is ſoluble in vege. 
table acids, ſuch as vinegar, verjuice, &c. and has a confider. 
able emetic power. He proves this by the ſulphat of zink, 
which was formerly employed as a vomit under the name af 
gilla uitrioli, and by the teſtimony of Gaubius, who mentions 
a celebrated remedy for convulfive diſorders, named Luna fix 
ta Ludemanni, or the ſublimed oxyd of zink. This pretendet 
luna fixata was ſtrongly emetic in very ſmall doſes. - But my 
it not be preſumed that theſe objections, which are applicable 
only to the ſulphat and the oxyd of zink, cannot be applied to 
the metal itſelf, nor even without further experiments to the 
ſalts formed by its combination with vegetable acids. Planche, 
doctor in medicine of the faculty of Paris, has changed this 
preſumption into certainty, by experiments made with great 
care on himſelf, He took the ſalts of zink, formed by the ve. 
getable acids, in a much ſtronger doſe than the aliments pre- 
pared in copper tinned with zink can poſlibly contain them, 
and no dangerous effect followed the uſe of theſe compounds. 
However, ſince objects which relate to the health and the lives 
of mankind cannot be treated with. too much circumſpection, 
it appears to me to be prudent and even neceſſary not to decide 
on this ſubject till it has heen well eſtabliſhed by a great num- 
ber of experiments, what the action of zink and its ſalts 


1; 


S S S 2 


TT e 


» S e. 3 T7 


TD” BB @©n © 


S EF EE SE ET 


NOTES ON ZINK. 303 


ſormed with the vegetable acids employed in cookery, is upon 
the animal economy. 

The German phyſicians employ the ſublimed oxyd of zink 
wich ſucceſs as an antiſpaſmodic in convulſions and epileptic 
its. It is not much uſed in France, yet it appears that this 

ly might be uſefully adminiſtered in pills in the doſe of 
it a grain each day. I have been aſſured, that a much more 
-onfiderable doſe has been taken at Edinburgh without any 
ſenſible effet., This fact is contrary to what Gaubius aſſerts 
concerning the emetic property of this oxyd of zink. Pomphe-. 
lix, tutty, or the different oxyds of zink, &c. are uſed as ex- 
cellent deſiecative medicines, to be e applied in 7 7 


ders of the eyes. 


NOTES ON CHAPTER XIV. 
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ZINK. 


Fs vonze acid forms u falk with zink, which has not er been obained in a ſo- 
lid form. 

Boracic acid acquires a milky appearance by digeſtion on zine ; — the nature 
of the combination which it forms is unknown. 

Phoſphozic acid attacks zink with violence. The ſolution does not cryſtallize, 
but it affords by evaporation a traniparent maſs, which may be melted into glaſs 
by the blow. pipe. If dry phoſphoric acid be melted with zink, the acid is de- 
compoſed, the zink is changed to the ſtate of an oxyd, and phoſphorus produced. 

Tartaric acid diſſolves zink with efterveſcence, and forms with it a difficultly: 
ſoluble tartarit of zink. 

Ocalic acid diſſolves zink with efferveſcence, and forms with it a white powder; 
which becomes ſoluble in water only by an exceſs of acid. According to Berg- 
man this combination contains ſeventy-five parts of metal. The oxalic has the 
greateſt affinity of all the acids for zink. 

Acetic acid diflolves zink and its oxyd. The acetat of zink is obtained in the 
form of long ſpicular cryſtals, which have a metallic taſte, and may — — 
poſed in the fire. | 

The Gs acid, in combination with zink, forms long, parallel u foliated 
cryſtals, 

The citric acid diſſolves zink and its oxyd; with the former it gives out —_—_— 
den gas. 

The malic acid diſſolves zink, and forms with it a cryftallizable ſalt. 
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The benzoic acid diſſolves readily the oxyd of zink, and forms with it group 
of radiated cryſtals. This ſalt has a ſweetiſh aſtringent taſte, eMoreſces in the air, 
and is ſoluble in water and fpirit of wine. 

 Arfenic acid, according to Scheele, has no action on zink in the cold, but! 
diſſolves it with effcrveſcence by the affiſtance of heat. The elaſtic fluid dite. 
gaged, ſeems to be an arſeniated hydrogenous gas. The folution ſhoots by enge 
ration into cubic cryſtals. The greater part of the arſenic acid may be ſeparated 
ſrom this ſalt in its metallic ſtate by expoſure to a ſtrong heat. If dry arſe; 
acid be melted with zink, inflammation, with a crepitating noiſe, is produces 
One part of the arſenic riſes in the form. of a white oxyd, and the other remain; 
in union. with the 2ink. Arſenic acid takes zink from the acetic. 

Pruſſiat of alkali produces a white 5 in che acid ſolutions ef zul, 
which becomes yellow by drying. 

The gallic acid precipitates the aink of a yellowiſh grey calour. 

d On account of the eaſy oxydation of zink, it is difficult to combine it wit 
phoſphorus. This combination, according to Pelletier, is moſt caſily effected, by 
throwing at different times ſmall pieces of phoſphorus upon zink, heated in a cy, 
cible, and by covering the mixture with reſin to prevent the oxydation of thems 
tal, Phoſphure of zink has a metallic luſtre, not unlike that of lead; it is flight, 
ly malleable, burns in the fire like zink, and leaves behind it a ſpongy reſidue, 

Gold and zink malt eaſily together. Equal parts of theſe metals form a ha 
brittle maſs, which receives an excellent palift. The zink may be ſeparated fron 
the gold by oxydation in the fire, or by ſolution in nitric acid. 

Zink unites eaſily with platina, and forms with it a brittle hard blueiſh c- 
joured mixture. It is very difficult to ſeparate it entirely from the platina h 
roaſting. Zink precipitates platina from its ſolution in aqua regia. Four bu. 
dred and ſixteen parts of zink are required, according to Bergman, to precipitat 
ſeventy-ſeven parts of platina, 

Silver forms a brictle maſs with zink, which, like that with gold, may be dt. 
compoſed in the fire, The ſilver is precipitated by zink from its ſolution in nitric 
acid, partly in an oxydated, and partly in a metallic tate, A portion of the zink, 
however, falls along with the ſilver. | 

Zink amalmagates eaſily with mercury, Five parts of zink and one of merci 
ry, mixed up with a little fat, anſwer very well for an amalgam for ele&ria 
machines. Zink precipitates mercury in its metallic ſtate from its ſolution in . 
cids, but the falling mercury is apt to amalgamate with the unchanged portion «f 
zink. If oxygenated muriat of mercury be diftille with zink, a muriat of zi 
paſſes over into the receiver, and the mercury remains fluid in the retort. 

To combine lead with zink it is neceſſary to cover the mixture with charcu! 
and to exclude from it carefully the external zir. Zink precipitates lead fron 
acids. Very beautiful metallic vegetutions, as they have been termed, may be pro- 
duced by ſuſpending a bit of zink in a ſolution of acetat of lead. 

It does not appear to be determined whether zink can be made to combine vi 
biſmuth. It precipitates the biſmuth in its metallic ftate from acids. 

Zink unites with nickel. It occaſions no yo. Man precipitation of nicks 
from acids. 

Zink unites difficultly with arſenic, not taking up more than 1- th of that ne. 
tal. The mixture is of a grey colour, and brittle. If oxyd of arſenic be melte] 
with zink, the zink is oxydated, and a * the arſgnic riſes in its metal 
Kate. Sec Gren's Handbuck. Zink. 
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Chemiſts differ in opinion with regard to the poſſibility of combining zink with 
hon, but the difficulcy ſeems to ariſe chiefly from the volatility and eaſy oxyda» 
tion of the zink. [ron is preGipitated by this metal from its ſolutions in acids 3 
the precipitate approaches inore or leſs to the metallic ſtate, according ta the pres 
vidus degree of its own oxydation, and the oxydation of the zink. 

Zink melts difficulcly with cobalt. It does not precipitate this metal from a- 
cids, nor change the red colour of its ſolutions. A very beautiful green paint is 
produced in pretipitating by potaſh fl om a mixture of cobalt diſſolved in aqua 
regia, and nitrat of zink, the oxyds of theſe metals; The preſence of iron de- 
ſtroys the beauty of the colour. . 

Zink unites eaſily with tin, and renders it harder and more brittle. It precipiz 
tates tin from its ſolution in acids. With the mugiatic and acetic ſolutions it pros 
duces metallic vegetations, 


Val. II. 


386 | MERCURY. 


CHAPTER XV. 
CONCERNING MERCURY. 


SDA or quickſilver, has the opacity and brilliancy d 
metals, and next to gold and platina is the moſt ponderous ſub. 
ſtance we know: a cubic foot of pure mercury weighs gg) 
pounds; it loſes by immerſion in water about one thirteenth 
of its weight *. As it is continually fluid, its tenacity and dus 
tility are not well known, and it till remains a queſtion & 
mong what ſpecies of metallic bodies it ought to be placed, 
Like the ſemi-metals it is volatile. It has a kind of duQlity, 
reſembling the metals; but its extreme weight, its habitul 
fluidity, its volatility, and the fingular alterations it is capable 
of undergoing in many combinatious, ſeem to juſtify the rank. 
ing it as a peculiar ſubſtance, which ſeems to belong to the 
metallic matters only by its brilliancy, weight, opacity, u 
combuſtibility. 

It was long taken for granted, that mercury could not be 
deprived of its fluidity ; but the academicians of Peterſhury 
have proved the contrary. Theſe learned men availed then- 
ſelves of the exceſlive cold in the year 1759, to try many in- 
portant experiments. They increaſed the natural cold by the 
aſſiſtance of a mixture of ſnow and fuming ſpirit of nitr, 
and by that means ſucceeded in cauſing a mercurial thermome- 
ter to fall to 213 degrees, according to the graduation of I 
Lifle ; which anſwers to 46 degrees below freezing of the gi 
dation of Reaumur. Theſe philoſophers, obſerving that u 
this degree the mercury deſcended no longer, broke the balld 
glaſs, and found the metallic fluid frozen in the form of a {- 
lid, which, on trial, proved capable of extenſion under tht 
hammer. This experiment demonſtrated that mercury, lik 
all other metallic ſubſtances, is capable of aſſuming the foli 
form, and that it is then in a certain degree ductile. They 
could not determine the degree of ductility it is ſuſceptible o, 
becauſe every ſtroke of the hammer cotumunicating heat ( 
ſome part of the metal, melted it, and cauſed it to flow in tha 
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Pallas, who ſucoeded in congealing mercury in the year 
$572, at Kraſnejark, by the natural cold of 55 degrees and an 
half, obſerved that it then reſembled ſoft tin, and was cavable 
of being beat out into plates, that it broke eaſily, and that the 
pieces being brought together united again. In the year 1775, 
Mr. Hutchins obſerved the ſame phenomenon at Albany fort, 
and Mr. Bieker at Rotterdam in 1776, at the fifty- ſixth degree 
below Zero. Laſtly, This congelation was effected in the year 
1783, in England, at a more moderate degree of cold; and it 
was determined that 32 degrees below Zero of the thermome- 
ter of Reaumur, is the term at which this congelation takes 
place. If therefore the mercury deſcended lower in the early 
experiments, the phenomenon muſt be attributed to the con- 
denſation of the ſolid metal. Hence we ſee that this metal is 
the moſt fuſible of any we know. The greateſt cold known in 
the countries from whence it is obtained, cannot render it ſo- 
lid. It is probable that if in the preceding experiments the 
cold by which the mercury was frozen had been produced by 
inſenfible degrees, that metallic ſubſtance would have taken a 
regular cryſtallized form ®. 
The habitual fluidity of mercury has cauſed it to be eſteem. 
ed a peculiar metallic water, and it has been called aqua non 


madefaciens manus, water which does not wet the hands, It 


is true that mercury does not wet the hands, nor moſt 
of the other bodies which may be wetted by water, oils, 
and other liquids ; but this phenomenon depends only on the 
{mall degree of affinity which exiſts between that metallic fluid 
and the bodies themſelves ; for when it is in contact with ſub- 
ſtances with which it can unite, as gold, ſilver, tin, &c. it be- 
comes cloſely united to them, and wets them in ſuch a manner, 
that they cannot be dried again but by evaporating the mercu- 
ry which adheres to them. 

Mercury being a melted metal, always aff:&s the form of 
globules when it is divided ; and when it is confiaed in a bottle 
its ſurface appears convex. This effect depends both on the 
{mall degree of affinity which mercury has with glaſs, and the 
ſtrong attraction that tends to bring the parts of this metal to- 
gether ;- for if the fluid be placed in a metallic veſſel with 
which it has an affinity, its ſurface then appears concave, like 
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that of other fluids, becauſe it combines with the ſides of the 
veſſels. 

Mercury has no taſte that the nerves of the tongue and p. 
late can perceive, but it produces a very evident effect on the 
ſtomach and inteſtines, as well as on the ſurface of the ſkin, 
Inſects and worms are infinitely more ſenſible of this taſte thay 
other animals, and for that reaſon it very ſoon kills them; 
and phyſicians adminiſter it as an excellent vermifuge. It is 
by virtue of this property likewiſe that it cures the itch, and 
other cutaneous diſorders, which many philoſophers hare 
thought to be produced by certain inſets, which penetrate the 
texture of the ſkin. But this opinion has not been general 
adopted, though ſeveral naturaliſts have deſcribed the anima, 
which cauſes the itch, &c. 

Mercury rubbed for a ſhort time between the fingers emit 
alight peculiar ſmell. When it is very pure, and is agitated, 
it is ſometimes obſerved, more eſpecially in hot weather, to 
ſhine with a ſmall phoſphoric light clearly diſcernible. This 
phenorienon has been ſhown with the mercury of the barone. 
ter by ſeveral natural philoſophers *. If the hand be plunge 
in this metallic fluid, a ſenſation of cold is perceived, which 
ſeems to ſhow that its temperature 1s much beneath that of the 
atmoſpheric air; yet by plunging a thermometer in the ſane 
mercury, it is immediately ſeen that their temperatures d 
not differ. This effect, which deceives us, is to be attributed 
entirely to the great rapidity with which the heat paſles fron 
the hand into the mercury, for this metal is known to bez 
powerful conductor of heat. 

Mercury, when divided by continual agitation, ſuch as that 
of the ſails of a mill, changes by degrees into a very fi 
black powder, called 7:hiops per ſe, by reaſon of its colous, 
As the mercury experiences a commencement of combuſtion 
this experiment, this powder is called black oxyd of mera). 
The mercury, by a flight heat, or by trituration in a wat 
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This phenomenon is produced by the efflux of the electrie fluid into the i 
cuum over the mercury; that fluid being diſengaged by the ſriction between Ut 
non electric mercury and the electric glaſs, T. 
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mortar, may be made to reſume its uſual fluidity and bril- 
liancy. 

Mercury 1s not found abundantly i in nature. It is met with 
in the, earth, either in the virgia ſtate, poſſeſſing all its uſual 
properties, or in the ſtate of an oxyd, or combined with 
acids, ſulphur, or other metallic matters in the mineralized 
tate, 

Running mercury is found in globules, or larger maſſes, in 
friable earths and ſtones, and moſt commonly exiſts in the clefts 
or cavities of its ores. At Idria, in Spain, and in America, it 
is collected in the cavities and clefts of rocks. It is likewiſe 
found ſometimes in clay at Almaden, and in beds of chalk in 
Sicily. Laſtly, It is found in filver and lead ores, and mixed 
with the white oxyd of arſenic, 

Sage mentions an ore of mercury, in the ſtate of an oxyd, 
at Idria, in Friuli; it is of a brown red, very ſoft, and granu- 
lated in its fracture; ſome globules of running mercury exiſt 
in it, and it is reducible by mere heat, without addition. Kir- 
wan conſiders it as the combination of mercurial oxyd and car. 
bonic acid; one hundred parts of the ore afford n 
parts of mercury. : 

In the year 1776, Mr. Woulfe found at Obermuſchel, in 
the duchy of Deuxponts, a cryſtallized, ponderous, ſpathoſe, 
white, yellow, or greeniſh-ore of mercury, in which, by means 
of alkalis, he diſcovered. the preſence of the ſulphuric and mu- 
matic acids. It is a compound of ſulphat of mercury, and cor- 
rolive mercurial muriat. Sage affirms, that it contains eighty- 
lix parts of mercury in the hundred. This chemiſt has de- 
ſcribed a corneous brown ore of mercury, from Carinthia, 
Mercury is moſt commonly found naturally combined with 
lulphur ; it is then known by the name of cinnabar. This mi- 
neral ſubſtance is red, and has not a metallic appearance, 
though the quantity of ſulphur is but ſmall in compariſon to 
the mercury; a proof that the combination of theſe two bo- 
dies is very intimate. Cinnabar is found in the duchy of 
Deuxponts, in the Palatinate, in Hungary, in Friuli, and Al- 
maden in Spain, and in South America, eſpecially at Guaman- 
ga in Peru. It is ſometimes compact, and its colour varies 
rom a pale red, to a deep and blackiſh red. Sometimes it is 
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found in tranſparent ruby-coloured cryſtals, and often in 4 
kind of ſcales, or flattened laminæ. lt is called native vermi, 
lion, and cinnabar in flowers, when it is in the form of a very 
brilliant red powder. Laſtly, It is found diſperſed with differ. 
ent earths in ſulphat of lime, mixed with iron, with pyrite 
and with ſilver. 

Mr. Cronſtedt in his Mineralogy, ſpeaks of an ore of mer. 
cury, in which that ſubſtance is united to ſulphur and copper 
it is of a blackiſh grey, brittle and ponderous; its fracture 5 
vitreous, and it decrepitates in the fire. It is found at Muſchd 
Lanſberg. 

The ſame mineralogiſt 1 that mercury amalgamate{ 
with virgin ſilver, has been found in the mine of Sahlberg in 
Sweden. Rome de Liſle has in his cabinet a piece which ht 
thinks to be of this ſpecies. 


Monnet, in his Syſtem of Mineralogy, ſpeaks of an ot 


brought from Dauphiny, by Mr. Montigny, in the year 1765 
which contained mercury, ſulphur, arſenic, cobalt, iron, an 
filver. It is grey, whitiſh, and friable. He found it to cov 
tain one pound of mercury, and three or four ounces of flyer 
per quintal. 

After this ſhort account of the properties of the metal, th: 
different ſtates in which mercury is found in the earth, may b 


reduced to the following varieties : 


STATE I. 
Native Mercury. 
Diſſeminated in earths and ſtones, and moſt commonly in it 
| | own ores, 


STATE II. 
Native Oxyd of Mercury. 


STATE III. 
Native Sulphat and Muriat of Mercury. 


STATE IV. 
Mercury mineralized by Sulphur ; Cinnabar. 
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1. Tranſparent einnabar, red and cryſtallized it very ſhort 
triangular prifms, terminated by triangular pyramids. 

2. Tranſparent red einnabar, in octahedral cryſtals, conſiſting 
n. 3 united at their baſes, and 

truncated, 

3. Solid compact cinnabar, of a brown or bright red; it is 
ſometimes foliated. | 

4 eee 
ſolid cinnabar ; it is ſometimes compoſed of needles like 
cobalt. 

5. Cinnabar in flowers ; native vermillion. It is a cinnabar 
of a brilliant red, of a ſatin appearance, which adheres to 
different matrices, under the form of a very fine powder ; 
it is ſometimes cryſtallized in very ſmall needles, and 
then greatly reſembles the foregoing variety. 


STATE V. 


Mercury combined with Sulphur and Copper; black and vi- 
treous Ore of Mercury of Cronſtedt. 


STATE” WE | 
Mercury united to Sulphur, Arſenic, Cobalt, Iron, and Silver. 


STATE VII. 
Mercury united to Silver, Native Amalgama of Silver. 


An ore of mercury is known by pounding and mixing it 
with lime or alkalis; this being thrown on a hot brick, and 
the whole covered with a veſſel in the form of a bell, the mer- 
qury is reduced into vapours, and condenſes on the ſides of the 
vellel, If the object be to diſcover the quantity of mercury it 
contains, the ore, after being pulverized and waſhed, muſt be 
diſtilled with ſuch additional matters as are capable of ſeizing 
the ſulphur, and diſengaging the mercury, Water is placed in 
the receiver, for the purpoſe of condenſing and collecting the 
mercury, If the ore be carefully weighed before the allay, 
ud lixewiſe the mercury obtained by diſtilation, the propor- 
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tional quantity, which may be expected from any other maſ of 
the ore, will be known. 

Virgin mercury is eafily ſeparated by pulverizing the ſong 
in which it 4s mixed and waſhing them in water. The met 
precipnates, and the earth is carried off by the water. The 
ores of Idria, in Friuli, are treated in this manner. 

Cinnabar is too volatile to admit of its ſulphur being dif, 
pated by roaſting ; but being almoſt always found mixed with 
a calcareous or martial ſubſtance, it may in general be decon. 
poſed by fire, without any other medium. 

Antoine De Juſſieu, in the Memoirs of the Royal Acadeny 

for the year 1779, has deſcribed the proceſs made uſe of x 
Almaden, in Spain, to obtain mercury from cinnabar. The 
ore containing iron, and a ſmall quantity of calcareous ſtone, 
is put into furnaces, which are formed like reverberatory fur. 
naces, and are heated by a fire made on a grate below. The 
furnace has no opening, except eight holes at its back part, 
At each of theſe a row of aludels 1s adapted, the laſt of which 
reſts on a ſmall ſtruQture, at a conſiderable diſtance from th; 
furnace. Between the furnace and the ſtructure, at which the 
aludels terminate, is a ſmall terrace or ſloping bank, the high. 
er part of which is even with the apertures of the furnace, 
and the lower with that of the ſupport of the laſt aludel. |: 
is conſequently an inclined plane, and ſerves to ſupport the in- 
termediate veſſels, If any mercury eſcapes for want of a pro- 
per cloſure, it is collected at the junction of the inclined plane: 
of the terrace. When the fire is applied to the cinnabar, the 
iron and calcareous ſtone unite with the ſulphur ; and the mer. 
cury being reduced into vapours, paſſes into the aludels. Af 
ter the diſtillation, all the aludels are carried into a ſquare 
chamber, whoſe floor ſlopes towards a cavity in the middle, 
into which mercury is emptied. 

De Juſſieu obſerves, that the ores of cinnabar do not emit 
any exhalation noxious to, vegetables, and that the environs di 
the mines of Almida, as well as the ground above them, 2 
very fertile. He likewiſe remarked, that the working of this 
mine is not pernicious to the workmen, as has been ſuppoſed; 
and that thoſe whoYgork in the interior part of the mine, % 
feloas, are the only Yerſons who are ſybje& to any danger, be- 
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eauſe the fires, which they are obliged to make, volatilize a 
portion of the mervury, © to the vapours of which they are con» 
tinually expoſed. 

Sage, in the Memoirs of the Kees for the year 1776, 
has deſcribed the proceſs employed to extract mercury from 
cinnabafy, in the Palatinate. The furnace has a gallery charged 
with forty-eight retorts of caſt iron, one inch thick, and three 
feet nine inches long, containing about fixty pounds of the 
matter to be diſtilled. Theſe retorts are immoveably fixed in 
the furnace, A mixture of three parts of the ore well pound- 
ed, with one part of ſlaked lime, is introduced by iron ladles. 
The heat is produced by pit-coal put in at the two extremities 
of the furnace, the ſides being pierced in ſeveral places to give 
ſufficient air to maintain the combuſtion. The mercury riſes 
by means of the re- action of the lime on the ſulphur, and is 
collected in receivers of earth, adapted to the retorts, and one 
third filled with water, This operation laſts ten or eleven 
hours, 

Mercury obtained, or revivified, from cinnabar, is very 
pure, and contains no foreign matter. The mercury met with 
in commerce is ſeldom of this degree of purity, as it is almoſt 
always mixed with foreign metallic matters, whence it appears 
tarniſhed, and inſtead of dividing itſelf into neat globules, it 
flattens, and ſeems to be covered with points. The merchants 
then ſay it draws a tail. 

Mercury does not appear to be altered by the action of light. 
It is very quickly, and regularly heated; that is to ſay, its 
dilatation is extremely regular, as Bucquet and Lavoiſier have 
ſhown, by their experiments into the effects of heat on differ- 
ent fluids, read at the Academy of Sciences. This phenome- 
non proves, that mercury is the fitteſt fluid to aſcertain ex- 
actly the degrees of heat, and forms the beſt thermome- 
ters“. 

This metallic fluid, expoſed to heat in cloſed veſſels, boils 
in the ſame manner as liquids ©, a property not peculiar to mer- 
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cury, hut common to filver, gold, and moſt other metals. 1 
is true, that as mercury is more fubble than any other meta], 
it boils ſooner, and long before the red heat. Ebullition is 
nothing but the tranſition from the liquid to the yaporous late, 
The vapour of mercury, which is diſtinctly viſthle, in the form 
of a white fume, and, for the time, deprives the veſſels in 
which it is received of their tranſparency, is condenſed by 


cold into drops of mercury, which are equal to the quantity 


put into the retort, and have ſuffered no alteration, provided 
the mercury þe extremely pure, and the diſtillation carefully 
conducted. Mercury is therefore a very volatile ſubſtance, 
which may be diſtilled like water, and in this property it ap. 
proaches to the nature of ſemi-metals, or brittle metals. 

Boerhaave diſtilled the ſame quantity of mercury five hun. 
dred times ſucceſſively, and found it not in any reſpect altered, 
It only appeared rather more brilliant, heavy, and fluid; doubt. 
leſs becauſe the purification was very accurate, In this diſtil 
lation he obtained a ſmall quantity of grey powder, which ap- 
peared to him to conſiſt of mercury in a ſtate of extreme di. 
viſion, and became fluid and brilliant by ſimple trituration in 
a mortar. It was a little black oxyd of mercury produced by 
the air contained in the apparatus. 

Diſtillation is the beſt method of purifying mercury, and of 
ſeparating the mixed metals, with which it is uſually vitiated 


in commerce. The foreign metal is found in the retort, in 


brilliant cruſt in ſome parts, and blackiſh in others. By weigh- 


ing this reſidue, the quantity of matter, with which the mer- 


cury was vitiated, is known. , 

The extreme weight of mercury cauſed chemiſts to imagine 
that it contains the pure terreſtrial principle, or vitrifiable 
earth, in great abundance ; but this principle, when it abounds 
in bodies, gives them ſolidity, and mercury is, on the contrary, 
very fuſible ; and again the earthy principle is fixed, and met- 
cury is exceedingly volatile. Theſe circumſtances appearing 
contradictory, engaged Beccher to admit in this metallic fluid 
a peculiar earth, which he denominated, as we have before ob- 
ſerved,” mercurial earth, and attributed to it exceſſive weight, 
together with volatility. Mercury was therefore, according t 
this chemiſt, a compound of three earths, yiz. the vitrifiable 
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the inflammable, and the mercurial. The exiſtenoe of the lat. 
ter having never yet been proved, this opinion muſt therefors 
de conſidered as a mere unſupported aſſertion. Mercury ap- 

like all metallic ſubſtances, to be a peculiar combuſtible 
body, whoſe firſt principles have not yet been ſeparated. As 
to the vitrifiable earth, whoſe properties we have examined at 
che commencement of this work, we do not think that there is 
reaſon to admit it in mercury, more than in other metals, fince 
no ſuch principle has been extracted from it. The ſubſtance 
litinguiſhed by that name by Beccher and Stahl, and ſuppoſed 
to exiſt in mercury, and in other metallic ſubſtances, is far 
from being a ſimple and earthy ſubſtance, as we bave already 
obſerved in ſpeaking of metallic oxyds in general. 

Mercury, reduced into vapour, has a very confiderable force 
of, expanſion, and is capable of producing dangerous exploſions, 
when confined. Hellot related to the Academy, that a certain 
perſon, being deſirous of fixing mercury, had put a quantity 
into an iron ball, well ſoldered together. The ball being 
thrown into the middle of a heated furnace, had ſcarcely be- 
come red, when the mercury burſt through its confinement . 
with a conſiderable noiſe, and eſcaped. Baume, in his Expert. 
mental Chemiſtry, relates a ſimilar fact, of which Geoffrey, the 
apothecary, was witneſs, 

Mercury is infinitely more ſuſceptible of oxydation by the 
contact of air, and many other bodies, than has hitherto been 
ſuppoſed. A grey blackiſh pellicle is continually formed 
upon its ſurface, which is a true oxyd of mercury. 

Heated with the concourſe of air, this metal, at the end of 
| ſome days, becomes changed into a brilliant red powder, of an 
earthy appearance, diſpoſed in ſmall ſcales. This powder, 
which no longer poſſeſſes the metallic aſpect, is a true mercu- 
rial oxyd. The alchemiſts, who believed that the mercury 
was fixed in this experiment, called it, improperly, mercury 
precipitated by itſelf, or precipitate per ſe. As mercury, though 
very volatile, requires nevertheleſs the concourſe of air to cal» 
cine it, an inſtrument ſufficiently commodious has been invent- 
ed for this operation, uſually called Boyle's Hell, It is a large 
dals veſſel, flat at the bottom, ſo that the mercury, encloſed 
Wikun it, forms a very thin ſtratum, and conſequently preſents 
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2 large ſurface. It is cloſed by a ſtopper, accurately fitted 1, 
| Mts neck, and perforated by an exceedingly ſmall hole. The 
veſſel is placed on a ſand bath, and the mercury heated till i 
boils. The opening in the ſtopper, on account of its minute. 
neſs, ſuffers the air to have acceſs to the bottle, without ar. 
fering the mercury to eſcape. At the end of ſeveral month: 
of digeſtion, an oxyd, which is formed on the ſurface of the 
mercury, may be ſeparated. This is done by pouring the 
whole into a piece of cloſe linen; the mercury pales through 
by preſſure, and the red oxyd remains on the cloth. This pro. 
ceſs may be performed with equal ſucceſs, with a flat bottomed 
matraſs, into which a ſufficient quantity of mercury is poured 
to form a thin ſtratum. The neck of the matraſs is after. 
wards drawn out into a capillary tube, and the point broken 
off. This method, contrived by Baume, is better adapted ta 
the oxydation of mercury, becauſe the veſſel contains more 
air. It is likewiſe more eaſily heated, leſs expenſive, and lel 
ſubject to be broken than Boyle's veſſel. To ſucceed in this 
experiment, the mercury muſt be kept in a heat ſufficient 
make it boil gently night and day for ſeveral months. Bj 
placing a number of ſuch veſſels on the ſame ſand bath, 
very large quantity of precipitate per /e, or red oxyd of mercury, 
may be obtained, and a certain quantity may be had in fifteeg 
or twenty days. 
The precipitate per ſe is a true oxyd of mercury, or combins- 
i tion of that metallic ſubſtance, with oxygen, which it gradual 
ly ſeizes from the atmoſphere. This is proved in a convincing 
SH manner, from the following circumſtances : Firſt, Mercyry ca 
never be converted into precipitate per ſe, without contact d 
air. Secondly, This combination cannot be made but with vi 
| ; air, and does not take place in the different gaſes which at 
not pure air. Thirdly, The mercury in this experiment be. 
comes heavier . Fourthly, When heated in cloſed veſlels, it 
may be entirely reduced into running mercury, at the fame 
time that a large quantity of elaſtio fluid is diſengaged, 
ö which combuſtible bodies burn four times more rapidly tha 
in the air of the atmoſphere. This is the ſame fluid that v 
| firſt diſcovered by Dr. Prieſtley, and by him called dh 
flicated air, and which we call oxygen gas, or vital air. Ib 09 
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mercury loſes by reduction the weight it had acquired —_— 


calcination. 

This laſt fact, gather with the phenomena of the — 
on of mercury, as far as relates to the neceſſity of the free ad- 
miſſion of air, and its diminution in the operation, has induced 
Lavoifier to conclude, from analogy as well founded as any ad- 
mitted in natural philoſophy, that metallic oxyds are mere 
combinations of metals with the oxygen of the air. As the 
precipitate per ſe may be very well analyſed by heat; and as it 


ſeparates into two principles, pure vital air, and running mere 


cury, it is evident how ſtrongly this valuable experiment tends 
to explain, and to prove the pneumatic theory. It is eafily 
underſtood, that the baſe of vital air, or the oxygen which was 
fixed in the mercury, becomes diſengaged by recovering its 
elaſticity with the aſſiſtance of heat. To reduce the red oxyd 


of mercury in this manner, it muſt be heated in veſſels accu. 


rately cloſed. If the air has acceſs to it, it remains in the 
ſtate of oxyd, becauſe it always finds in the atmoſphere the 
body with which it unites, and which alone has the property 
of oxydating it, From this circumſtance it was that Baume 
inſiſted, that precipitate per ſe is not reducible, but, on the con- 
trary, ſublimes in reddiſh cryſtals of a ruby golour ; while 
Cadet has maintained, that all precipitatet per ſe are equally re- 
ducible into fluid mercury. Macquer has ſhown, by an inge- 
nious explanation, which perfectly agrees with the facts, that 
both theſe chemiſts were in the right ; and that if the oxyd of 
mercury be heated with acceſs of air, it ſublimes totally, and 
may even be melted into a moſt beautiful red glaſs, as Mr. 
Keir, a learned Scotch chemiſt, has aſſerted, in his tranſlation 
of the Dictionary of Chemiſtry ; but that the ſame oxyd, 
though capable of ſubliming with the contact of air, is reduced 
into a running mercury, and gives out vital air, when it is 
ſtrongly heated in well-cloſed veſſels. 

Mercury is not altered by expoſure to air. It is REN ob- 
ſerved, that it becomes tarniſhed by the partieles of duſt, which 
the air depoſits, and from that circumſtance mercury has been 
called the /cadftone of duſt, All bodies, however, ſeem to have 
this property, though it is moſt ſenſible in this metal, on ac- 
count of its brilliant ſurface, But it is not at all changed by 
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this circumſtance z year acre more being neoeſſary 1 to give it it 
original brilliancy, th ration through a piece of ſhammoy 
leather. | 

Mercury does not ſeem to diſſolve in water. Phyſicians ar, 
nevertheleſs, in the habit of cauſing a bag full of this metal us 
be ſuſpended in vermifuge decoctions during their ebullition; 
and experience has ſhown, that this practice is attended with 
good effects. Lemery affirms, that mercury loſes nothing «f 
its weight by this deco&ion. It is probable, that a principle, 
fimilar to that of ſmell, emanates from the mercury, a princi. 
ple fo fugitive and ſubtle, that its weight cannot be found, 
It is perhaps this principle that communicates the anthelmi. 
thie virtue to water; 

Mercury does not unite to earths more than other metalli 
fabſtances ; its red oxyd, of precipitate per /e, might perhaps 
fix in glaſſes, and colour them, as is obſerved to hapya 
with the oxyd of arſenic. 

The action of barytes, magneſia, lime and alkalis on mercy. 
ty, are not known, 

The ſulphuric acid does not act on this metullir ſubſtarce 
but when it is well concentrated. To make this ſolution, one 
part of mercury is poured into a glaſs retort, and one part ni 
= half, or two parts of concentrated ſulphuric acid, are added; 
the mixture 1s heated, and a violent efferveſcence is ſoon after 
excited ; the ſurface of the mercury becomes white, and a poi 
der of the ſame colour is ſeparated, which renders the acd 
opake; and a large quantity of ſulphureous gas is diſengage, 
whieh may be collected over mercury. This met od, as mM 
Have ſeen in ſpeaking of the ſulphuric acid, is moſt commonly 
uſed to obtain that gas. A portion of water charged wih 
ſulphureous acid gas likewiſe paſſes over. When this diſtills 
tion is urged till the ſulphureous acid no longer paſſes over, 8 
white opake very c:uttic maſs is formed at the bottom of tis 
retort, which weighs one third more than the mercury mad 
uſe of, and ſtrongly attracts the bumidity of the air, It 
greateſt part of this maſs is an oxyd of mercury united to 
a ſmall portion of the ſu huric acid. It is coultiderabiy fix:d, 
according to the obſervat ons of Kunckel, Micquer, +5 . 


quet. In this operation the ſulphuric acid is decom//3'u4 by 


MERCURY. 319 
donble electi ve attraction; the mercury, which i 


is a combuſ- 
tible ſubſtance, unites to the oxygen contained in the acid, 
while the heat diſengages the ſulphureous gas and the water. 
The metal muſt therefore be in the ſtate of an oxyd, and muſt 
conſequently have mach more fixity than fluid mercury. 

A portion of this ſalpharic mercurial maſs is ſoluble in wa- 
ter. When a large quantity of water is poured upon it, it 
mixes with the maſs, and a white powder precipitates, if the 
water be cold ; but if boiling water be uſed, the powder is of 
2 beautiful brilliant yellow colour, which is ſo much the more 
lively, as he quantity of water and the heat are greater. This 
was anciently called turbith mineral, or yellow precipitate. We 
now call it yellow mercurial oxyd. The water which ſerved 
to waſh it is decanted, and a new quantity of boiling water is 
poured on the furbith, in conſequence of which it becomes of a 
fill more lively yellow. The waſhing is repeated a third time, 
to deprive it of all the ſulphuric acid it contains. In this ſtate 
it has no longer any taſte, but is a mercurial oxyd, which, 
when urged by fire in a retort, gives out at firſt a little ſul. 
phureons acid, and is then reduced inte running mercury, giv- 
ing out a great quantity of vital air 7. Kunckel mentions this 
experiment, and it has been ſucceſsfully repeated by Monnet, 
Bucquet, and Lavoifier, who have made it in the moſt accu» 
rate manner. I have alſo repeated it many times with ſucceſs, 
It proves, as we have obſerved, that the ſulphuric acid is form- 
ed of ſulphur, oxygen, and water; but a very violent fire is 
neceſſary to effect the reduction of the turbith. It is perhaps 
for want of a ſufficient heat that Baume did not obtain mer- 
eury; and that he affirms, that it cannot be reduced to its me- 
tallie form, but by the addition of a combuſtible matter. The 
ſulphuric mercurial maſs being kept heated in the ſame retort 
in which it has been diſſolved, without unluting or waſhing the 
maſs to deprive it of the portion of acid, the decompoſition of 
the oxyd nevertheleſs takes place, and it is reduced into run- 
ning mercury, in proportion as the oxygen, which it had ta- 
ken from the ſulphuric acid, becomes an elaſtic fluid by the 
combination of heat and light. | 

The water which has been poured on the white ſulpharic. 
mercurial maſs is loaded with a portion of the acid which was 
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not decompoſed ; but as oxyd of mercury is very ſoluble in tha 
acid, a certain quantity is always taken up, fo that the water 
holds in ſolution a true ſulphat of mercury. By evaporating 
moſt of the water, this ſalt is depoſited in ſmall needles, the 
form of which has not been determined, becauſe they are ſcarce, 


ly conſiſtent, and quickly attract humidity, When boiling | 


water is thrown on the cryſtals of ſulphat of mercury, they he. 
come yellow, and in the ſtate of a mercurial oxyd, becauſe the 
water ſeparates the acid, which adheres but weakly, and leaves 
the oxyd pure. The ſame event happens when the water em. 
ployed for the firſt waſhing of the mercurial maſs is woltly 
evaporated, and the remainder is afterwards diluted by the ad. 
dition of a large quantity of boiling water, inſtead of bringing 
it to cryſtals. A yellow powder is precipitated in the ſtate of 
a true oxyd. If cold water be uſed, the precipitate is white; 
but it immediately afſumes a yellow colour by the addition of 
boiling water. In this manner the ſolutipn of the oxyd of 
mercury may be rendered decompoſable or not by water. For 
this purpoſe it is ſufficient to evaporate it nearly to cryltalli. 
zation, or to charge the acid with all the mercurial oxyd it i 
capable of diflolving ; for then the union of theſe two bodies is 
eaſily deſtroyed by water. If a ſmall quantity of acid be add. 
ed, water is no longer capable of cauſing a precipitation, | 
obſerved this in the moſt ſatisfactory manner, by diſſolving 
well-waſbed turbith mineral in weak ſulphuric acid; the ſolu- 
tion is not ſaturated with mercurial oxyd, and is at the fame 
time not precipitable by water. But if the ſolution be charged 
with as much turbith mineral as it can diſſolve by the aſlif. 
ance of heat, which may be done by adding that ſubſtance till 
it is no longer taken up, then the ſolution being poured into 
cold water, affords a white precipitate; or if into hot water, 2 
yellow powder, In this ftate, if a ſmall quantity of ſulphuric 
acid be added, it ceaſes to afford any precipitate. The white 
mercurial oxyd which the ſulphat of mercury depoſits when 
cold water is poured on it, is very-ſoluble, and may be made 
to diſappear, by adding ſulphuric acid-to the mixture l. 
Sulphat of mercury may be decompoſed by magneſia and 
lime, a yellow precipitate being depoſited ; and fixed alkalis 
ſeparate an oxyd of mercury nearly of the ſame colous 
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t muſt be obſerved, that theſe precipitates of mercury axe vari. - 
ouſly coloured, according to the ſtate of the ſolution, and the na- 


ture of the precipitating ſubſtance ; and their quantities likewiſe 
lifer. They are very abundant when the ſolution is highly 
charged; and if, on the contrary, a ſolution which is not ſa- 
turated with mercury be decompoſed, every portion of oxyd 
which is ſeparated by the firſt drops of the precipitant is re- 


lifolved dy the exceſs of acid. But when that exceſs is fatu- 


rated, the precipitate becomes permanent. Theſe different 
oxyds of mereury precipitated by alkaline ſubſtances are redu- 
cible in cloſe veſſels without addition. Ammoniac does not 
precipitate ſulphat of mercury when it contains an exceſs of 
acid; it forms a triple ſalt, or ammoniaco-mercurial fulphat. 
When the ſulphat of mercury is properly neutralized, and 
without exceſs of acid, only a {mall portion of black oxyd is 
ſeparated by the ammoniac, which it renders reduable by the 
contact of light alone. It forms a triple ſalt with the greater 
part of the ſulphat of mereury, 

The nitric acid is decompoſed by mercury with the greateſt 
npidity. The ſolution is effected without the application of 
external heat, and with various degrees of activity, according 
to the ſtate of the acid. The common aqua-fortis of the ſhops 
acts on mercury without emitting any confiderable quantity of 
ted vapours, If a ſmall quantity of fuming nitrous acid be 
added, or if the mixture be heated, the combination proceeds 
much more rapidly, and a very large quantity of nitrous gas 
5 diſengaged. The mercury being reduced to an oxyd, re- 
mains diflolved. The ſolution is at firſt green, in conſequence 
of a little nitraus gas which it holds in ſolution, but it loſes 
that colour at the end of a certain time. By this proceſs, the 
tric acid takes up a quantity of mercury equal to its own 
weight. Bergman has obſerved, in his Diſſertation on the Ana- 
Iyfis of Waters, that nitric mercurial ſolutions differ from each 
her, according to the manner of their preparation; that which 
made in the cold, and without the difengagement of. much 
ted vapours, not being decompoſable by the addition of diſtil- 
led water; but if the ſolution be aſſiſted by heat, and a large 
quantity of nitrous gas be produced, a precipitate will fall 
fon on the addition of water. Such a ſolution cannot with 
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certainty be made uſe of in the analyſis of mineral waters, u 
we ſhall hereafter obſerve. This phenomenon is, I apprehend, 
owing to the ſame cauſe in the nitrous as in the ſulphuric ſo. 
lution. - Nitric acid, aſſiſted by heat, is capable of ſuperſatu. 
rating itſelf with oxyd of mercury, and holding it ſuſpended, 
This kind of ſolution, with exceſs of mercury, will be precigi. 
tated by diſtilled water, which changes the denſity of the li. 
quor, and diminiſhes the adheſion of the mercurial oxyd to the 
nitric acid; the precipitate, therefore, is a true oxyd, which is 
very yellow, if warm water be poured on the ſuperſaturated 
ſolution, but is merely white if cold water be uſed, The yel. 
low colour may, however, be inſtantly communicated by waſh. 
ing in warm water. But, on the other hand, as the ſolution 
made in the cold contains only mercurial nitrat, without an ex. 
ceſs of oxyd, becauſe it cannot become charged with the oxy 
which is ſuperabundant to its combination, but by means of 
heat, diſtilled water occaſions no precipitate, . I think myſelf 
juſtified in accounting for the fa&s in this way, from a circum» 
ſtance which 1 have obſerved' a great number of times, viz, 
that the ſame mercurial ſolution may be rendered decompol, 
able or not by water, accordingly as mercury or acid are add. 
ed, and this may be repeated many times. For this purpoſe, 
mercury is to be diſſolved without heat in the nitric acid, in 
as large a quantity as can be taken up; this ſolution is not de-. 
compoſable by water, though nitrous gas has eſcaped ; but if 
mercury be added to this by the aſſiſtance of heat, it becomes 
capable of affording a precipitate with water. By the ſame 
theory it is very evident that a nitric ſolution, which does not 
afford a precipitate by the addition of water, may acquire that 
property by ſimple heating. The heat, in fact, diſengages ni- 
trous gas, and this diſengagement cannot be made without the 
deſtruction of a certain quantity of the acid, The proportion 
of mercurial oxyd to the remaining acid becomes of courle 
greater, and the exceſs is no longer combined, but adheres to 
the nitrat of mercury, and is ſuſpended in ſuch a manner thit 
water can precipitate it eaſily. I have aſcertained the fact that 
mercurial ſolutions afforded only the exceſs of oxyd united with 
2 little nitric acid, by the addition of water, and do ſtill retain 
2 portion of true nitrat of mercury, which may be decompoled 


by alkalis, in the ſame manner as happens with the ſalphuric: 
mercurial maſs waſhed for the preparation of turbith mineral. 
This portion of nitrat of mercury may even be brought to cry» 
tallize. The exceſs of mercurial oxyd, which renders the ni- 
tric ſolutions capable of being decompoſed by water, is likewiſe 
attended with a circumſtance (which favours this decompolitionz: 
it is, that the oxyd is ſo ſtrongly oxygenated, that it has but 
very little adherence with the nitric acid. ; | 

The ſolution of mercury in the nitric acid is exceedingly 
cauſtic, and capable of corroding and deſtroying our organs. 
When it falls on the ſkin, it forms ſpots of ſo deep a. purple, 
that they appear black; theſe ſpots cannot be diſſipated but by 
the ſeparation of the epidermis, which ſcales off. The ſolution 
is uſed as a powerful eſcharotic in ſurgery, by the name of 
mercurial water. The ſolution of mercury in the nitrie acid is 
capable of affording cryſtals,. which differ from each other in 
their form, according to the ſtate of the ſolution, and the cir- 
cumſtances accompanying the cryſtallization, Theſe varieties 
being carefully obſerved, appear to conſiſt of four diſtin n 
which I ſhall here deſcribe. 

1. A ſolution made in the cold affords, by ſpontaneous. eva- 
poration, after ſeveral months, very regular tranſparent ory- 
tals. Rome de Liſle has deſcribed them accurately. They 
are flat ſolids, of fourteen faces, formed by the union of two 
tetrahedral pyramids, truncated very near their baſe, and like- 
wiſe at the four angles, which reſult from the W of the 
pyramids. 

2, If the ſame ſolution made in the. cold be evaporated and 
left to cool, it depoſits, in the courſe of 24 hours, a kind of 
very acute priſms ſtriated obliquely acroſs their length, which 
ae formed by the ſucceſlive application of ſmall laminæ, pla- 
ced ſlopewiſe upon each other, like tiles. (Botaniſts :dendte 
this by the term imbricatim.) On a near examination of the 
elements of theſe priſms, I found that the laminæ which com- 
poſe them are ſolids, with fourteen faces, fimilar to the eryſtals 
obtained by ſpontaneous 3 but n and more ir- 
regular, | 

3. If a nitric ſolution be made by a mild and regullagid why 
it affords, by cooling, cryſtals, in flat, very long, and very a- 
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cute needles, ſtriated lengthwiſe ; theſe are the moſt com 
obtained, and have been deſcribed by the greateſt number cf 
chemiſts, eſpecially by Macquer, Rouelle, Baume, &cc. | 

4. Laſtly; If this folution be more heated, fo as to become 

decompoſable by water, it uſually takes the form of a white 
and irregularly formed maſs, fimilar to the ſalphuric combi. 
nation. In this circumſtance I have ſometimes had a confuſes 
aggregate of ſmall vezy long needles, of the appearance of (4. 
tin, and flexible, which followed the motion of the liquor, 
They were perfectly ſimilar to the brilliant and filyer coloured 
dendrites which I have often obſerved on the fides of bottles, 
containing acetat of potaſh, or the foliated earth of tartar. It is 
proper to add, that this laſt ſolution, which affords only irre- 
gular and confuſed cryſtals, or ſhapeleſs maſſes, becauſe it con- 
tains much ſuperabundant oxyd of mercury, may be rendered 
capable of a more regular cryſtallization by the addition of 
acid. | a 

Theſe ſeyeral mercurial nitrats preſent nearly the fame phe: 
nomena. They are very cauſtic, and corrode the ſkim in the 
ſame manner as their ſolutions ; they detonate on burning 
coals. It muſt be obſeryed with regard to this propetty, that 
it is much more ſenſible in the very regular cryſtals of four- 
teen facets, than in thoſe which have the form of ſmall needles; 
and that it does not exiſt at all in the white maſs precipitated 
from the ſtrongly heated ſolution. The detonation of mercu- 
rial nitrat is ſcarcely perceptible in cryſtals newly formed, but 
15 rendered ſufficiently ſenfible by ſuffering them to dry for 
ſome time on hlotting paper. If they be then placed on an ig- 
nited coal, they melt, become black, and extinguiſh the place 
on which they are put; but their borders, which become dry, 
throw out ſmall reddiſh ſparks, with a noiſe fimilar to that of 
a light decrepitation. When the very dry cryſtals are uſed, ! 
ſtronger whitiſh flame eſcapes, which ſoon ceaſes. 

The nitrat of mercury melts when heated in a crucible, and 
emits very thick red vapours. In proportion as it loſes its 
water and nitrous gas, it takes a deeper yellow colour, which 
is afterwards converted to an orange, and laſtly to a brilliant 
red. In this ſtate it is called red precipitate. We term it 10 
oxzd of mercury by the nitric acid, If this preparation is intendel 
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to be employed in ſurgery as a cauſtic, it muſt be made in a 
matraſs by a mild heat, in order that it may retain a portion 
of the acid, to which it owes its corrofive power. Nothing re- 
mains after it has been ſtrongly heated, but an oxyd of mer- 
cury, formed by the union of the metal to the oxygen of the 
nitric acid. Mercurial nitrat diſtilled in a retort affords a ſub. 
zcid phlegm, and nitrous gas at firſt, after which it becomes 
red precipitate ; and a ſtronger heat being applied, occaſions a 

quantity of vital air, with a ſmall portion of azotic gas 
to be diſengaged, the mercury being ſublimed in the metallic 
form, It is from this experiment, made with the greateſt ac- 
curacy, that Lavoiſier has ſucceeded in proving the compoſi. 
tion of the nitric acid, as we have obſerved in the hiſtory of 
that acid. 

Nitrat of mercury becomes yellowiſh on expoſure to air, 
and is very flowly decompoſed. It is ſoluble in diſtilled water, 
in a larger quantity when boiling than in the cold, and conſe- 
quently cryſtallizes by cooling. When this falt is diſſolved in 
water, a portion remains, which 1s of a yellowiſh colour, and 
is not taken up. Monnet calls this matter nitrous turbith, and 
obſerves, that a large quantity may be obtained by waſhing a 
nitrie mercurial maſs, evaporated to dryneſs, ſuch as is made 
for the preparation of red precipitate. If it be intended that the 
mercurial nitrat ſhall be entirely diſſolved, water muſt be em- 
ployed, in which aqua-fortis muſt be poured, until the precipi- 
tate diſappears. I have obſerved, when boiling water is pour- 
ed on the pureſt nitrat of mercury, it immediately becomes 
yellow, and affords an oxyd of a deep colour, which, when ex- 
poſed to fire, becomes red more quickly than that which is 
made by the ſulphuric acid. The yellow oxyd of mercury by 
the nitric acid is in general more accurately oxydated than that 
which is prepared by the ſulphuric acid; which happens, as 
we have already obſerved reſpecting other combuiiible ſubitan« 
ces, from the nitric acid ſuffering its oxygen to be SD 
more eaſily than the ſulphuric acid. 

Barytes, magnehia, lime, and alkalis, decompoſe nitrat of 
mercury, and precipitate the metal in the ſtate of oxyd. Theſe 
precipitates are of different colours, weight, and quantity, ac- 
cording to the ſtate of the ſolution. Cauſtic fixed alkalis af- 
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ford a yellow precipitate, more or leſs brown, or of a brick 
colour, according as their eauſticity is more perfect. Ammo. 
niac precipitates the nitrio mercurial ſolution, of a grey ſſate 
colour, provided it be of that kind which water cannot decom. 
poſe; but the ſame ſalt produces a white precipitate, in a a. 
turated'ſolution of mercury, ſuch as water can precipitate, 
Theſe differences have been accurately obſerved by Bergman. 
The precipitates are mere oxyds of mercury, more or leſs oxy. 
genated; they ate all reducible without addition, and by mere 
heat in cloſed veſſels, and all afford pure air during their re. 
duction i, Thoſe which have been precipitated by alkaline car. 
bonats afford a certain quantity of carbonic acid by the action 
of heat. Thoſe which, without having been precipitated by 
carbonats, have been merely expoſed to the contact of atmoſ. 
pherical air, exhibit the ſame phenomenon, becauſe they al. 
ways abſorb this acid from the atmoſphere ; a. property com- 
mon to all the oxyds of mercury, and even to thoſe of ſeveral 
other metals. The oxyds of mercury, by alkaline interme. 
diums, have a property, diſcovered by Bayen, which muſt not 
be paſſed over in ſilence. They detonate like gunpowder, 
when expoſed in an iron ſpoon to a gradual heat, after having 
been triturated in the quantity of half a drachm, with fix 
grains of flowers of ſulphur; after the detonation a violet co- 
loured powder remains, which may be ſublimed into cinnabar, 


The ſulphuric acid, and the ſalts into which it enters, like- 


wiſe decompoſe nitrat of mercury on account of the ſtronger 
affinity of the ſulphuric acid to mereury. If ſulphuric acid, 
or a ſolution of ſulphats of potaſh, ſoda, &c. or of any other 
ſulphutie ſalt, be poured into a ſolution of mercurial nitrat, 
a whitiſh precipitate is formed, if the nitric ſolution be 
not ſaturated ; but it is yellower in proportion as the nitrat of 
mercury contains leſs acid, -and more mercurial oxyd. This 
precipitate is ſulphat of mercury neutralized in the firſt in- 
ſtance, and with exceſs of oxyd in the ſecond. Bayen found 
that it always retains a portion of nitric acid. 

The .muriatic acid has no ſenſible action on mercury, though 
it be one of thoſe which has the ſtrongeſt affinity with the oxyd 
of that metal; but its action on mercurial oxyd, with which it 
forms a peculiar neutral ſalt, is very powerful, This combl- 
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nation takes place whenever the muriatic-acid is brought into 


contact with the oxyd, in a ſtate of extreme diviſion. If a 


ſmall quantity of muriatie acid be poured on a nitric ſolution; 


of mercury, this acid ſeizes the oxyd of the metal, and forms a. 
ſalt which is precipitated in a kind of whitiſh coagulum, called 
white precipitate ; the muriatie ſalts, with baſe of alkali, or of 


any ſalino- terreſtrial ſubſtance, abundantly produce the ſame. 


ellect, and form beſides nitric ſalts, differing according to the 
nature of the baſe. But it muſt be obſerved, with reſpe& to 
this precipitation, that it does not take place when the oxyge- 
nated muriatie acid is uſed ; becauſe though this acid takes the 
oxyd of mercury from the nitric acid, the ſalt which it forms 
with that oxyd is very ſoluble in water; whereas the ſalt form- 
ed by the common muriatic acid is not at all ſoluble, 

This acid has a ſtronger affinity than the ſulphuric acid with 
the oxyd of mercury, and occaſions the ſame precipttate in the 
ſulphuric ſolutions of that metal, as 1t does in the nitric ſolu- 
tions. The compound of muriatic acid and oxyd of mercury 
may exiſt in two ſtates, as we have before obſerved, according 
to the fimple or oxygenated ſtate of the acid; the latter conſti- 
tutes the oxygenated muriat, or corre, and the former the 
mild mercurial muriat. 


There are ſeveral proceſſes for preparing corrohve ſublimate, 


or corroſive mercurial muriat ; in general, equal parts of dried 


mercurial nitrat, decrepitated muriat of ſoda, and calcined ſul- 
phat of iron, or white martial vitricl, are mixed and put into a 
matraſs, two thirds of whoſe capacity are left empty. This 
veſſel is plunged into a ſand bath, and gradually heated till its 
bottom becomes of an obſcure red; the ſulphuric acid diſen- 
gages the muriatic acid from the ſoda ; the latter ſeparates, the 
mercury from the nitrous acid, from which it takes a portion 


of its oxygen, ſo that it become oxygenated muriatic acid; it 


then combines with the oxyd of mercury and forms cor toſive 
mercurial muriat, which 1s ſublimed in the form of flattened 
and pointed cryſtals to the upper part of the matraſs; the ni. 
trie acid being diſſipated in the form of nitrous gas. The re- 
bdue is reddiſh or brown, and contains oxyd of iron, and ſuls 
phat of ſoda, formed by the union of the ſulphuric acid with 
the baſe of the marine ſalt. This ſalt is prepared in the large 
X ü 
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way in Holland, by triturating equal parts of mercury, muti. 
at of ſoda, and ſulphat of iron together, and expoſing the ma; 
to a violent fire. In this operation the oxyd of iron, depriyeg 
of the ſulphuric acid by heat, and highly oxygenated, appear; 
to cauſe the muriatic acid to paſs into the oxygenated ſtate, 
ſinoe this laſt only is preſent in ſufficient quantity perfeQly to 
diſſolve the mercury made uſe of. The corrofive mercurial 
muriat may likewife be obtained by ſublimation, from mix. 
tures of ſulphat of iron, muriat of ſoda, and mercurial preci- 
pitates, by fixed alkalis, or from every kind of oxyd of mer. 
eury. 

Boulduc has given a very good proceſs for preparing corre. 
five mercurial muriat ; but Spielman remarks, that it was be. 
fore deſcribed by Kunckel in his Chemical Laboratory. It con. 
filts in heating equal quantities of ſulphat of mercury, and de- 
crepitated muriat of ſoda in a matraſs ; the muriat of mercury 
is volatilized, and the reftdue conſiſts of ſulphat of ſoda. | This 
method affords a very pure corroſive ſublimate; whereas that 
uſed in commerce, and even that prepared in the ſmall way, 
with ſulphat of iron, always contains a ſmall quantity of this 
metal. It is likewiſe more eaſy to execute, and more econo- 
mical. We muſt here obſerve, that this operation proves that 
the ſulphuric acid has the property of oxygenating the muriz- 
tic acid. Monnet affirms, that he has likewiſe obtained this 
falt, by treating, in a retort, very dry muriat of ſoda and mer 
curial oxyd, precipitated from its nitzous ſolution by fixed al 
kali. In all theſe preparations of mercurial corroſi ve muriat 
care muſt be taken not to break the ſublimatory veſſel till it i 
entirely cool, in order to avoid the vapours of the ſublimed 
falt. Laſtly, There is another way of preparing the corrolive 
mercurial muriat more readily ; it conſiſts in pouring intos 
ſolution of nitrat of mercury a quantity of oxygenated muri- 
tic acid, and evaporating flowly the mixture, When the n- 
trous acid is diſengaged the liquor affords, by cooling, cryitab 
of corrofive mercurial muriat. There is reafon to think that 
when the oxygenated muriatic acid of Scheele ſhall be better 
known, the corroſive mercurial muriat of the ſhops will bt 

prepared by this ſimple ſolution, 

Corroſive mercurial muriat is a neural ſaline ſubſtance 
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which deſerves to be carefully attended to by chemiſts and 


phyficians ; it poſſeſſes a great number of properties which are 
bighly neceſſary to be known, aud of which we ſhall proceed 


to give a ſketch, Its taſte 1s exceedingly cauſtic ; the ſmalleſt 
quantity being laid upon the tongue, leaves for à very long 
time an highly diſagreeable ſtyptic and metallic taſte. This 
impreſſion is carried even to the larynx, which it contracts 
ſpaſmodically for a long time, eſpecially in delicate perſons. 
The action of this ſalt is ſtill ſtronger on the tunics of the ſto- 
mach and the inteſtines. When it is applied to theſe for any 
length of time, it corrodes them, and deftroys their ſubſtance, 
for which reaſon it is one of the moſt violent poiſons we know. 
The cauſticity of corroſive mercurial muriat appears to de- 
pend on the ſtate of the mercury, as Macquer has very ingeni- 
ouſly obſerved. It cannot be attributed to the muriatic acid, 
u ſome authors have thought; for the mercury is more than 
treble the quantity of the acid. On this account the ſalt ren- 
ders ſyrup of violets green, rather than red, according to the 
obſervation of Rouelle. The taſte of corroſi ve mercurial mu- 
riat is beſides exceſſively ſtronger than that of the muriatic 
acid, A drachm of ſpirit of ſalt, diluted with water, may be 
taken with impunity ; whereas a few grains of corroſive mer- 
curial muriat, diſſolved in the ſame quantity of water, would 
poiſon without remedy. Bucquet thought that this extreme 
ſtrength of taſte depended on the combination of the two bo- 
dies, and from thence deduced one of his ſtrongeſt proofs of the 


law of affinity, which eſtabliſhes, that compounds have new 


properties, very different from thoſe of either of their compo- 
nent parts, 
Corroſive mercurial muriat is not ſenſibly altered by light; 
heat volatilizes, and ſerpi-vitrifies it, If it be ſtrongly heated 
with acceſs of air, it is d:{lipated in the form of a white fume, 
whoſe effects on the animal economy are very active, and ex- 
ceedingly dangerous. When heated lowly, and by degrees, it 


ſublimes in a cryſtalline and regular form, into priſms, ſo flat- 
tened that it is tmpoſlible to determine the number of their 
laces, They terminate in very acute ſummits, and have been 
very properly compared to the blades of pomards thrown con- 
laſedly among each other. Fire alone is not capable of decom- 
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form of ſmall lozenges. In this operation the potaſh diſen- 
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* g this ſalt, neither is it ſuſceptible of alteration from the 
It is ſoluble in nineteen parts of water, and cryſtallizes 
by ple, in flattened priſms, very ſharp, their extremi. 
ty being ſimilar to thoſe obtained by ſublimation. The ſpon. 
taneous evaporation of this ſolution has ſeveral times afforded 
me oblique angled parallelopipeds, whoſe extremities were trun. 
cated flant-wiſe. Bucquet obſerved the ſame: fact. Thoure. 
nel has obtained E 8 of this ſalt, in hexahedral a4 
little flattened.” 
Barytes, magneſia, and lime, dees the e mer. 
curial muriat, and precipitate the mercurial oxyd. The tha- 
gedenic water made uſe of as a corroſive by ſurgeons, is made 
by throwing half a drachm of this ſalt, in powder, into a pound 
of lime-water ; a yellow precipitate is formed, which render; 
the fluid opake, and it is employed before this ſubſides. Fix. 
ed alkalis precipitate from corroſive mercurial muriat, a 
orange coloured oxyd which becomes deeper coloured by keep. 
ing. Ammoniac affords a white precipitate, which after : 
ſhort time becomes of a ſlate colour &. | 
Acids and neutral alkaline ſalts, produce no PR in the 
corroſive mercurial muriat. This ſalt contracts an intimate 
union with muriat of ammoniac without decompoſition. This 
very fingular ſaline compound, which was highly eſteemed by 
the alchemiſts, and called by them /a/ alembroth, falt of art, or if 


The ammoniacal muriat renders the corrofive mercurial muriat 
very foluble, fince, according to Baume, three ounces of water 
charged with nine drachms of the former, diſſolves five ounces 
of the latter ſalt. This ſolution is made with heat, and af- 
fords a ſolid maſs in cooling. A preparation, called white mer- 
curial precipitate, is made from this ſalt. - A pound of corrofive 
mercurial muriat in powder is thrown into a ſolution of the 
ſame quantity of muriat of ammoniac ; when the ſalt is per 
fectly diſſolved a ſolution of carbonat of potaſh is added, which 
forms a white precipitate, which is waited and dried in the 


gages the ammoniac, wich precipitates the mercury in a white 


ovlour, - 
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Corroſive Sener muriat is altered by hydrogen gas. Sul- 
phur does not change it, but alkaline ſulphure decompoſes this 
+; well as all the other ſolutions of mercury ; a black precipi- 
ate being produced, which ariſes from the combination of the 
ſulphur with the mercury. Moſt of the metals we have 


mentioned are capable of decompoſing this ſalt, and each de- 
compoſition exhibits peculiar Emm which well deſerve 
to be examined. 

If two parts of corrofive o—— muriat, with one of ar- 
ſenic, be diſtilled by a mild heat, a tranſparent ſubſtance, of 
the confiſtence of oil, -paſſes into the receiver, part of which 
ſoon condenſes into a kind of white jelly, called corroftve oil, or 
butter of arſenic. If the heat be continued after the butter has 
paſſed over, running mercury is obtained; ſo that the proceſs 
afords a method of determining accurately the principles of 
corroſive mercurial muriat. The muriat of arſenic. does not 


appear capable of cryſtallization, melts with gentle heat, and 


is ſo.cauſtic that it inſtantly deſtroys the organs of animals. It 
is ſoluble in water, which partly decompoſes it; but its other 
properties are unknown. Oxyd of arſenic does not afford it, 
becauſe in this ſtate the metal being already combined with a 
portion of oxygen, cannot take it from the oxyd of the mer- 
cury, nor 3 the ny from its muriatic combina« 
tion. 

The effects of n nickel, and manganeſe, on corroſive 
nereurial muriat, have not been examined. Biſmuth, antimo- 
ay, and zink, decompoſe this laſt ſalt with great facility. 
When two parts of corroſive mercurial muriat and one part of 


biſmuth are diſtilled together, a thick fluid ſubſtance is obtain- 


ed, which congeals into a maſs of a greaſy appearance, fuſible 
by heat, and precipitable by. waſhing with much water; and 
in a word, a true ſolid m- · iat of biſmuth. Poli, who firſt de- 
ſcribed this experiment, in the Hiſtory of the Royal Academy 
for the year 171 3, affirms, that when this butter of biſmuth is 
lublimed ſeveral times, there remains in the veſſel a powder of 
the colour of oriental pearls, very ſoft to the touch, and as it 
vere glutinous ; he propoſes this powder to be employed as a 
pigment, 

If twelve ounces of antimony, and two pounds of . 
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merourial cuutiat, be accurately mixed man heat is exct. 
ed, which Mos that there is a rapid action between them. 1; 
the mixture he diſtilled by a gentle beat, à thick liquor is ch. 
tained, which becomes fixed in the receiver, and often in the 
neck. of the xetort, in the form of a white maſs, called butter g 
antimeny, This fublimed muriat of antimony uſually weigh 
ſixteen ounces and a few drachms. The reſidue is compoſed d 
mercury, and a grey powder of antimony, which floats on the 
metallic fluid. If the. diftillation be continued after the ny. 
riat of antimony has paſſed over, a new receiver being adapt 
ed, running mercery is obtained, failed by a ſwall quantity d 
the muriat of antimony, which it is impoſſible to clear entirdy 
ont of the neck of the retort, Baum, who bas accurately de. 
ſcribed this operation, affirms, that by this proceſs two ounce 
of running mercury may be obtained, one ounce of antimony 
in powder, mixed with the mercury, and fix drachms twenty. 
fous grains of antimony melted in the retort, The latter h 
partly oxydated, it affords à red oxyd and a white, in part ſi 
blimed, In this experiment the antimony is oxydated by the 
oxygen which is ſeparated from the oxyd of mercury, ai 
unites to the muriatic acid, with which it forms the muriat al 
antimony, The ſame decompoſition takes place equally well 
with ſulphure of antimony ; one part of that mineral in pow 
der being diſtilled with two parts of corroſive mercurial mw 
riat, affording a ſublimed muriat of antimony, But the reſidue 
inſtead of containing running mercury, exhibits a combinatia 
of fulpbur with that ſemi-metal. This combination may be 
ſublimed by a ſtronger fire into red necdies, improperly calls 
ciunalar of antimony, 

This ſublimed muriat of antimony, or the combination 
the muriatie acid with antimony, does not take place but i 
proportion as the ſemi-metal takes the oxygen from the met 
oury, as we have already obſerved of arſenic. This compound 
is in a ſolid form; it cryſtallizes in thick paraliclopipeds ; 1s 
eauſticity is ſufficiently ſtrong to deſtroy both animal and ve 
getable matters in a very ſhort time. The action of ligt 
changes it: by a low heat it is melted, and becomes fixed bf 
cooling; for which reaſon it has been called buzter of antimony: 


lt is eafily deprived of its white colour; and it may be red 
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fed by diſtillation. When expoſed to the air it attracts moi 
ture, and is difſolved into a thick fluid, apparently oleaginous + 
does not completely diſſolve in water, the greater part being 
lecompofed by that flaid. When ſublimated muriat of anti- 
nony is thrown into diſtilled water, a very abundant precipi · 
tate is immediately formed, which 1s known by the name of 
m/tic powder, or powder of Algaroth, from the name of wn Ita- 
lian phyfician who firſt uſed it. It has been improperly called 
nercurius vite, This precipitate is an oxyd of antimony which 
is violently purgative and emetic in a ſmall doſe, as for en- 
ample, three or four grains. In order to obtain it very pure 
it muſt be waſhed ſeveral ſurceſſive times in diſtilled water, 
ls properties are different from the other oxyds of this metal, 
which have not ſo ſtrong an action on the animal economy, A 
portion of this oxyd remains diſſolved in the water uſed in 
wiſhing the murĩat of antimony, in which it is ſaſpended by 
the acid taken up by that fluid. This fact may be aſcertained 


in abundant white precipitate. It is therefore the exceſs of 


the property of being decompoſed by water, as well as that of 
taking the form of = ſolid maſs. The fublimated muriat of 
atimony diſſolves with heat and efferyeſcence in the nitric 
cid; a large quantity of nitrous gas being at the ſame time 
diſengaged with confiderable agitation of the fluid. The mu- 
riat of antimony diſappears, and the liquid becomes of a yel- 
low reddiſh colour. It is à ſolution of oxyd of antimony in 
nitro-muriatic acid. The oxyd is ſoon depoſited in the form 
of a powder, or white magma. If the ſolution of muriat ef 
atimeny by the mitric acid be evaporated to dryneſs 'iminedi- 
ately after it as made, a very white oxyd is obtained. This 
oxyd is diluted with its own weight of the ſame acid, which is 


peated ; after which the matter is calcined in a crucible kept 
red hot for about half an hour, and affords an oxyd, which, 
when cold, is found to be white on the upper part, and of a 
roſe colour below. Theſe two portions mixed together oonſti- 
tute the preparation called Bezoar mineral, Macquer confiders 
id as a perfect oxyd of antimony, and thinks it abſolutely fi- 


by the addition of a ſmall quantity of alkali, which occaſions 


oxyd with which butter of antimony is charged, that gives it 


likewiſe evaporated, and the ſame proceſs is a third time re- 
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milar to diaphoretic antimony. But Lemery, who has carefully 
deſcribed this preparation, recommends that- it ſhould be wh 
cined till it has but a very ſlight degree of acidity; his inten. 
tion therefore is, that it ſhonld retain a certain quantity of 
acid, which muſt ane — the e of the oxyd 
of antimony. 

Corroſive 1 muriat is a by zink, as Pott 
informs us, and as I have myſelf many times experienced, I 
a mixture of two parts of this ſalt, with one part of zink in 
filings, or coarſe powder, be diſtilled in a glaſs retort, a yery 
white and folid ſalt ariſes, which cryſtallizes in ſmall united 
needles, fimilar to the aggregates of which ſtalactites are com. 
poſed. The mercury remains pure in the retort, and paſſe 
over after the ſalt. This muriat of zink fumes ſlightly when 
taken out of the receiver, and melts with a mild heat, be. 
comes coloured by inflammable vapours, and is partly decom. 
poſed by water, like the ſublimed muriat of antimony, 
The moſt fingular property of corroſive mercurial muriat, 
relative to its alteration by metallic ſubſtances, and at the 
ſame time the moſt important of its properties is its combina. 
tion with running mercury. When ſaturated with this metal. 
lic fluid, it loſes moſt of its properties, eſpecially in its taſte 
and ſolubility. - To make this combination, corroſive mercurial 
muriat was formerly triturated in a glaſs mortar-with running 
mercury, added by a little at a time, till no more could be 
made to diſappear. The quantity of mercury, whach the 
ſalt takes up by this proceſs, amounts to three-fourths of its 
weight, as Lemery and Baume: have obſerved. The mixture 
was placed in ſmall veſſels, two-thirds of which were let 
empty, and in this manner ſublimed three times ſucceſſively, 
care being taken each time to ſeparate a white powder which 
is found beneath the ſublimed matter, and is very corrolive 
The product called /aveet ſublimate, mercurius dulcis, or aquila ala 
or more properly mild mercurial muriat, differs from the col. 
roſive by its inſolubility in water, by its infipidity, and by it 
cryſtalline form. The cryſtals obtained by flow ſublimation, 
are tetrahedral priſms, terminated by four ſided pyramid; 
two very long and tetrahedral pyramids are frequently uni 
at their baſe, and form a very acute octahedron. 
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The proceſs: we have deſcribed for the preparation of mer- 
curius dulcis, is inconvenient in many reſpects. The tritura- 
tion of corroſive mercurial, muriat with running mercury, till 
the latter diſappears, is very tedious and difficult; and at the 
{ame time a ſubtle powder riſes of ſo pernicious a quality, that 
the operator is under the neceſſity of covering his mouth and 
noſe with # cloth. The mercury is never abſolutely made to 
diſappear in the mortar, and the ſublimations are very flow. 
Baume adviſes a ſmall quantity of water to be poured on the 
matters intended to be triturated; by this means the operation 
is rendered more eaſy, and the ſaline powder is prevented from 
riing. He likewiſe employs levigation, by which the extinc- 
tion of mercury is greatly facilitated. Laſtly, In order to be 
certain of obtaining the mild mercurial muriat entirely free 
from the corroſive, Zwelfer, Cartheuſer, and Baume, propoſe 
to pour on the mild mercurial muriat a quantity of warm wa- 
ter, in order to diſſolve the corroſive muriat, and afterwards to 
dry the portion of mild mercurial muriat, which is then found 
to be very mild. Cornet, to avoid the noxious duſt of the 
mercurial corroſive muriat, when triturated with mercury, 
propoſes to uſe the precipitate of nitrat of mercury by ammo- 
niac, which unites much better to corroſive mercurial muriat 
than running mercury ; but this oxyd not being as pure as 
mercury, the preparation into which it enters cannot be ſo 
much depended on. Bailleau, apothecary at Paris, has. com- 
municated to the Royal Society. of Medicine, a proceſs for 
making mild mercurial muriat, which is free from the imper- 
fections and danger of the common methods. It conſiſts in 
forming a paſte of corroſive mercurial muriat and water, and 
triturating it with running mercury; the trituration in the 
courſe of half an hour cauſes the mercury to diſappear, be- 
cauſe the water promotes its comminaution, and the combina- 
tion is completed by digeſting the mixture on a ſand bath with 
2 mild heat. The matter, which at firſt is grey, becomes 
white, and forms a very mild mercurial muriat, which re- 
quires only one ſublimation to render it perfectly pure. 
| Baum& has made many experiments on mild mercurial mu- 
riat, He has proved that this compound cannot be charged 
Fith a larger quantity of mercury, and that it cannot exiſt in 
I 
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a middle ſtate, between that of corrofive mercurial muriat, nd 
mild muriat ; ſo that when a ſmaller quantity of mereury i 


mixed with corroſive merourial muriat than is neceſſary © 
cauſe it to paſs to the ſtate of the mild muriat, this laſt con. 
pound is formed in quantities proportioned to the doſe of mer. 
cury added; and the reſt of the corrofive mercurial muriat i; 
volatilized with all its properties, without being rendered u 
all milder. The two compounds may be ſeparated by mea 
of warm water. 

The experiments of the ſame chemiſt likewiſe teach y, 
that it is poſſible to change the mild mercurial muriat into cor. 
rofive, by ſabliming it with decrepitated muriat of ſoda an 
fulphat of iron, calcined to whiteneſs, In this operation the 
muriatic acid, being diſengaged and oxygenated by the ſulphu- 
ric acid, ſeizes the oxyd of the mild mercurial muriat, a 
converts it into corroſive muriat. Baume has aſcertained ane. 
ther circumſtance, which ſhows the great difference betweet 


the mild mercurial muriat and the corroſive 5 namely, that it 


does not unite with ammoniacal muriat, as correfive mereurid 
muriat does, in the preparation of /a/-alembroth, or the ammoni. 
aco-mercurial muriat. He therefore advifes the waſhing d 
mild mercurial muriat with water charged with a ſmall qua- 
tity of ammonĩacal muriat, in order that all the corroſive met. 
curial muriat, which is rendered very ſoluble by this ſalt, may 
be carried of. Laſtly, He has diſcovered, that at each ſubli- 
mation the mild mercurial muriat loſes a portion of mercury, 
and conſequently affords a ſmall quantity of corroſive mereuril 
muriat ; ſo that by repeated ſublimations, mild muriat may be 
entirely changed into corrofive. From this laſt experiment it 
obviouſly follows, that the preparation known under the nam? 
of panacea mercurialit, which is made by ſubliming mild mercu- 
rial muriat nine times, is ſo far from being rendered milder 
by theſe operations, as moſt chemiſts and phyficians have ſup 
poſed, that it does not at all differ from what it was at fr. 
This laſt aſſertion is eſtabliſhed the more incontrovertibly, by 
the circumſtance of its being neceſſary to ſeparate a white 
powder which riſes the firſt in each ſublimation, and is in fad 
corrofive mercurial muriat. It muſt be obſerved, that in the 
preparation of mild mercurial muriat, a reddiſh powder 1% 
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mains in the bottles, which is an oxyd of iron, aſſorded by the 
lulphat of iron uſed in the common method of making corro- 
five mercurial muriat for fale- A portion of this oxyd- riſes 
with the ſalt in ſublimation. Small pieces of glaſs are like. 
wiſe not unfrequently found, which have. been 1 by 
the vapours of the corrofive mercurial muriat. nid. 

The modern experiments made on the oxygenated muriatie 
rid, tend greatly to explain the theory of the formation of 
mild mercurial muriat. It is now proved; that corrofive mer. 
curial murĩat is a compound of oxygenated muriatic acid, and 
the ouyd of mercury, and that mild mercurial muriat is formed 
by common muriatic avid, in combination with the ſame metallic 
oxyd, or, which is the {ame thing, that the oxyd is much more 
calcined or oxypdated'in'the corroſive muriat than in the mild. So 
that when running mercury is triturated with corroſive mer- 
curial muriat, the mercury ſerzes the exceſs — of the 
muriatic acid, or that of the former mercurial onyd ; and the 
more conſiderable doſe of new oxyd leſs caleined, which unites 
to the muriatic acid, cauſes the nature of the ſalt to vary, which 
becomes leſs ſaline, leſs ſapid; leſs ſoluble; and, in a word, if 
which the properties communicated to the mercury by the 
oxygen, are weakened: in proportion as mung that 
principle is diminiſhed. 

The boracic acid does not immediately diſſobve münchen but 
it has a very evident action on this metal, wWhet it the ſtate of 
mn oxyd. Theſe two ſubſtances may be combined by the way 
of double affinity. A ſolution of borax' being poured into a 
wtric ſolution of mercury, an abundant yellow precipitate is 
formed, as Monnet firſt obſerved. In this operutioſ the ſoda 
of the borax unites with the nitrie acid, and furt nitrut of 
ſoda, while the acid of the borax combines witll the oy of 
mercury, in the form of à neutral ſalt, Which being ſparingly 
loluble, falls down. The filtrated liquor affords, by evaporu- 
tion, fine and brilliant pellicles of mereurial borati It muſt be 
obſerved, however, that this ſalt contains # portion of the 
oxyd of mercury, which is not eombined with the acid: of bo- 
nx, becauſe of the ſoda, which is in exceſs iti tlie borax of com. 
merce. If pure borat of mercury be required to be had by 
tus proceſs, it will be neceſſary to endploy x botat of ſoda per- 
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fectly neutral; that is to ſay, the borax of commerce, ſaturate 
with as much of the boracic acid as it can take up. This falt, 
by expoſure to the air, becomes gradually of a greeniſh hye; 
Ammoniacal muriat renders this ſalt very ſoluble, and forms 
with it a compound, analogous to the ammoniaco-mercuriz| 
muriat ; lime-water throws down a yellow precipitate, which 
changes: to deep red, and potaſh. cauſes a white precipitate, 
According to the academicians of Dijon, the corroſive mercuri. 
al muriat is likewiſe'decompoſed by borax, which produces in 
its ſolution a precipitate of a brick-duſt colour. Water, boil. 
ed on this precipitate, becomes of 8 milky colour, by the ad. 
dition of fixed alkali, which r that it contains mercurial 
banat I u: S016} 283 ei ini 

Ihe action of the doris nokd on mercury is not known, 
anda that of the carbonic acid is almoſt equally uncertain. [t 
is only known, that water impregnated with this acid does nd 
attack this metal ; but the ſolution of mercury decompoſed by 
alkaline carbonats afford precipitates very different from thoſe 
produced by the ſame ſubſtar es when pure and cauſtic, though 
the;,oxyds of mercury abſorb, with confiderable 2 
carbonic acid contained in the atmoſphere ®. _ 

Neutral ſalts have ſcarcely any action on n Thong 
this aſſertion is more eſpecially applicable to the different {ul 
phats, IL have obſerved, nevertheleſs, that mercury becomes 
very quickly extinguiſhed in ſulphat of potaſh. - 


*. Mercury does not appear capable of altering ———— | 


riat by diſtillation. Bucquet,: Who made this experiment, ob- 
ſer ved, that two parts of mercury are not well extinguiſhed 
by one part of this ſalt, and that the mixture does not afford 
ammoniac by diſtillation. The Count de la Garaye, never- 
theleſs, prepared with theſe two ſubſtances, a medicine, to 

which. he gave the name of tindture of mercury. Macquer, who 
examined his proceſs, found it to ſucceed , perfectly well. I: 
conſiſted i in triturating one ounce of running mercury, with 
four ounces of ammoniacal muriat, in a marble mortar, moilt- 
ening the mixture with a ſmajl-quantity, of water, till the mer- 
cury entirely difappeared.. This matter being left expoſed to 
the air ſive or ſix weeks, and from time to time agitated, 15 
then to be triturated afreſh, and afterwards , expoſed in a ma- 
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traſs on a ſand bath, covering the powder to the depth of about 
two inches with good ſpirit of wine. The mixture being made 
to boil ſlowly, the ſpirit of wine aſſumes a yellow colour, and 
contains mercury, as appears from its whitening a ſlip of cop 
per. From this experiment it appears, that the ammoniac is 
gradually diſengaged by the mercury ; that ammoniaco-mer- 
curial muriat is formed, part of which is diſſolved: by the ſpirit 
of wine; and that the different quantity of the mercury, and 
the low action produced during the maceration, are the cauſes 
of the difference between this experiment and that of Buc- 
uet. | 
: The action of hydrogen gas on mercury is not an 
Mercury combines very readily with ſulphur. When one 
part of this metallic fluid is triturated with three parts of ſul - 
phur, the mercury is gradually extinguiſhed, and a black pow- 
der is produced, being the black ſulphure of mercury, which 
is called Athiape Mineral, and whoſe colour becomes deeper 
ſome time after it is made. This combination is more quickly 
elected, by mixing mercury with melted ſulphur. - The mix- 
ture being ſtirred: up immediately, becomes black, and very 
readily takes fire. In order to preſerve it black, -it muſt be 
taken from the fire, the flame extinguiſhed as ſoon as it be- 
gins to appear, and the matter muſt be ſtirred till it becomes 
folid, and in lumps. It muſt then be pulverized, and paſſed 
through a fine fieve. The black ſulphure of mercury is not 
the moſt intimate combination which ſulphur and mercury are 
capable of forming. When this compound is expoſed to a 
confiderable degree of heat, it takes fire, the greateſt part of 
the ſulphur burns, and after the combuſtion a matter remains, 
which, when pulverized, is of a violet colour. This: powder 
is put into matrafſes, which are heated till their bottoms be- 
come red, and kept in this ſtate for ſeveral hours, till it ap - 
pears that the matter is entirely ſublimed. An artificial ein- 
nabar, or red ſulphure of mercury, is found ſublimed to the 
upper part of the matraſs, in cryſtalline-needles, of a reddiſh 
brown, It is of a lighter and more lively colour, when ſub. 
limed in retorts. The Dutch prepare in the large way the 
einnabar employed in the arts; the compound is not volatile, 
but requires a ſtrong fire to ſublime it. When much divided 
Y ij 
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by levigation, it has a brilliant red colour, and is then called 
vermulion. If it be heated. in open veſſels, the ſulphur, which 
is not equal to one fourth of its weight, burns gradually, and 
the mercury is volatilized. Many ſubſtances are capable of 
decompoſing red ſulphure of mercury, by virtue of their ag. 
nity to ſulphur. Lime and alkalis have this property; when 
theſe are heated in a retort, with twice their weight of cinny. 
bar, running mereury is obtained, and the reſidue is found to 
be an alkaline, or earthy fulphure. Baume has obſerved, that 
this decompoſition takes place by the humid way, when red 
ſulphure of mercury is boiled with a ſolution of fixed alkali, 
It muſt be obſerved, that he employed the alkaline carbonat. 
Many brittle metals, ſuch as cobalt, biſmuth, and antimony, 
have likewiſe the property of depriving mereury of its ful. 
phur. It will be hereafter ſeen, that almoſt all the ductile me. 
tals, lead, tin, iron, copper, and ſilver, have likewiſe a ſtronget 
affinity with ſulphur than mercury, and conſequently decom- 
poſe cinnabar. They may therefore be indifferently uſed, to 
ſeparate the mercury from this compound. The metallic fluid 
obtained by. theſe proceſſes is perfectly pure, and is diſtingwſt 
ed by the name of mercury revived from cinnabar. 

- Mereury immediately decompotes alkaline fulphures, but 
produces different phenomena, according to the nature of theſe 
compounds. It forms with alkaline ſulphures black ſulphure 
of mercury, which, in the courſe of ſeveral years, becomes 
red. Wich the ammoniacal ſulphure, it very quickly becomes 
converted into black ſulphure of mercury, and in a few hours, 
or at moſt à few days, it aflumes a brilliant red colour. The 
yellow and red oxyds of mercury made by: the fire, or by 
acids, exhibit the ſame phenomenon, more or leſs readily, with 
the ammoniacal ſalphure. It is bkewiſe produced by pouring 
this liquor into ſolutions of mercury, and expofing the black 
precipitate, which reſults from theſe * to a new quan- 
tity of ammomacal ſulphure. 

I have diſcovered, that running mercury, agitated in water, 
impregnated with ſulphurated hydrogen gas, whether naturally 
or artificially, decompoſes it very readily, and. is changed into 
black fulphure. 

The action of mercuey on arſentc is not known. Cobalt 
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does not unite with it. Mercury diſſolves biſmath very rea- 
dily, with which it combines in all proportions : from this 
combination à brilliant friable matter is produced, which is 
more or leſs ſolid, according to the quantity of biſmuth it con- 
tains, This amalgam is capable of cryſtallizing in four-fided 
pyramids, which ſometimes unite together in octahedrons. 
But it moſt commonly cryſtallizes in thin laminz, which have 
no regular form. This cryſtallization is obtained by melting 
the combination, and ſuffering it to cool lowly. When it is 
heated in a retort, it does not part with its mercury but wth | 
great difficulty. 

Mercury does not unite either to nickel, or to antimony. It 
combines with zink by fuſion. The amalgam formed with this 
laſt metal is ſolid, but becomes fluid by trituration. When 
melted, and ſuffered to cool ſlowly, it cryſtallizes in Lung, 
which appear ſquare with rounded edges. 

Mercury is of the moſt extenſive uſe in the arts, ſuch as 
gliding, filyering of glaſſes, conſtructing of meteorological in- 
firuments, metallurgy, &c. it is uſed in medicine in a great 
variety of forms. 

1. Crude mercury was formerly employed in the iliac paſ- 
on. It is ſtill boiled in water, to which it communicates a 
vermifuge property. Mixed with fat ſubſtances, it forms an 
ointment uſed in venereal diſorders. 

2. Turbith mineral, or yellow oxyd of mercury by ſulphuric 
acid has likewiſe been recommended in the ſame diſorders, in the 
doſe of a few grains. - This medicine is emetic and purgative 
in a high degree. | 

3. Mercurial water, or its nitric ſolution, is uſed by ſur- 
geons as a powerful eſcharotic. Red precipitate, or red oxyd 
by the nitric acid, anſwers the ſame purpoſe. A citron co- 
loured ointment is prepared with hog's lard and the nitric ſo- 
lution of mercury, which is a certain cure for the itch. 

4. Corrofive mercurial muriat has been recommended by 
danches and Van Swieten, in venereal diſorders. A few 
grains are diſſolved in brandy, and a ſpoonful of this ſolution 
i taken at a time in a large quantity of mild liquid. The ex- 
lubition of this remedy requires great care, more eſpecially 
wich regard to the ſtate of the ſtomach and lungs, Mild mer- 

Y 11 


eurial muriat, given in the doſe of twelve or fifteen grains, i 


and deſtroy fungus, or proud fleſh, &c 


thoſe of the venereal kind; ſuch as moſt diſorders of the ſkin, 
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a purgative, and in the doſe of three or four grains, is an al, 
terative. The phagedenic water is uſed in ſurgery to carrode 


5. Mercurial borat has been uſed with ſucceſs in venere 
diſorders by Chauſſier the younger, of the _— of Di. 
jon. 

6. Cinnatar has been conſidered improperly as an 1 anti-ſpaſ 
modic and ſedative medicine. It enters into the compoſition of 
the pulvis temperans of Stahl, which is prepared according to 
the Pharmacopeia of Paris, by accurately mixing three grains 
of ſulphat of potaſh, and of nitrat of potaſh, uitrialated tartar ani 
nitre, with two ſcruples of artificial cinnabar, This compound 
is ſtill uſed, by expoſing the patients to its vapour. It the 
conſtitutes one of the methods of treatment of venereal diſor, 
ders by fumigation. 

All the preparations of mercury, which are internally gives, 
produce very beneficial. effects in other diſorders, as well z 


ſcrophulous diſorders, lymphatic ſwellings, &c. We cannot 
however, forbear obſerving, that theſe medicines, more eſpe- 
cially the ſaline mercurial preparations, onght not to be ap 
plied but by experienced and cautious phyſicians ; and that i 
is dangerous to the health, and even to the life of men, that 
mercurial remedies ſhould be in the hands of a great number 
of perſons, who, generally ſpeaking, are deficient, not only i 
the knowledge which is neceſſary to adminiſter them with ſuc 
ceſs, but even in that knowledge which might enable them to 
avoid danger. I have myſelf been more than once witnels to 


the unhappy effects of theſe preparations, cauſed by the unki- 


fulneſs of thoſe who have employed them with that ralkneb 
which commonly accompanies ignorance, This ſubject 2. 
pears to be of ſufficient importance to deſerve the attention ct 
the legiſlature. 
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* NOTES ON CHAPTER XV. 4 


MERCURY. 


Tax ſpecific gravity of mercury, according to Briſſon, is 13,568; nccording 
o Muſchenbrock, 14,110. 

d See Braun Commentar, Petrop. * Tom. XI. p. 268, 303. 

Hutchin's Phil. Tramſ. Vol. LXVI. p. 17. Blagden Phil. Tranſ. Vol. LXXVIII. 

329. 

_ ſome experiments made on the congelation of mercury at the polytech- 

nie School in Paris, it appears that this ſubſtance, in paſſing from the ſolid to the 

fluid ſtate, abſorbs a quantity of caloric ſufficient to raiſe its temperature 2879 

of Fahrenheit's thermometer. Sec Journ. de Polytech, Tom. I. p. 123. | 
© At a heat it is ſaid of 600 deg. in Fahrenheit's ſcale. 

0 It has been propoſed to abridge this labour by uſing a glaſs veſſel, which has 
a neck about half an inch in width and four feet long, and of which the bottom 
part is not more than three or ſour inches in diameter, Half a pound of mercury 
having been introduced into this veſſel, and its mouth covered looſely with a dit 
of paper, ſo as not to exclude the external air, it is to be placed in a ſand bath, and 
an uninterrupted heat applied to it, ſufficient to raiſe the vapours of the mercury 
about two feet in the veſſel, This proceſs will be facilitated by removing. from 
time to time the oxyd which is formed, and which covers the fluid mercury. See 
Gren's Handbuck, B. III. ſ. 188. 

Van Mons has ſuggeſted a different method of preparing this ſubſtance. It 
conſiſts in rubbing equal parts of fluid mercury, apd its red oxyd, with a little 
water in a ſtone mortar, till the mixture acquires'a uniform black colour. This 
black powder, which is an imperfect oxyd of mercury, is to be expoſed in a broad 
open veſſel to a heat nearly approaching to a glow heat. During this expoſure it 
abſorbs quickly the baſe of oxygen gas from the atmoſphere, and is converted in- 
to a perfect oxyd. See Gren's Journal Je Phyſick, B. VIII. ſ. 13. 

© Lavoſier eſtimates this additional weight at ſeven three-fourths in UN hun- 
dred. 

t In a low fire it is converted into the red oxyd of mercury. 

u Fourcroy, in a memoir to be found in the Tenth Volume of the Aunalles de 
Chemie, has deſcribed with great preciſion the different ſtates of the ſulphat of 
mercury. From his experiments it appears that very different compounds are 
formed according to, the degree of oxydation of the mercury, the proportion of 
the mercury to the acid, the degree of temperature to which they are nn, 
and the longer or ſhorter time they are expoſed to the heat. 

lf in heating an ounce of mercury with an ounce and an half of 1 ·—᷑ô(„] 
ſulphuric acid, the mixture be removed from the heat before it becomes dry, and 
while there is ſtill a portion of liquid remaining, the ſalt formed will contain the 
3 acid in exceſs, and will not afford turbith mineral by dilution with wa- 

This ſalt Fourcroy terms the acid fulpbat of mercury. It becomes ſoluble in 
all a proportion to the quantity of acid which it contains, If waſhed with 
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ſmall portions of this fluid, in a quantity leſs than that required to diſſolve it, the 
ſuperabundant acid is carried off, and the ſalt then forms a perſectly neutral com. 
pound, which Fourcroy terms ſimply fulphat of mercury, This ſalt, which is of a 
very white colour, cryſtallizes in the form of thin priſms, Its ſtate is not very 
acrid, 500 parts of water at the uſual temperature of the atmoſphere, or 205 0. 
boiling water, are requited to diſſolve it. lu its dry and cryſtalline form it con- 
tains, according to Fourcroy, 12 of ſulphuric acid, 54 of mercury, 8 of oxyen, and 
5 of water. Cold and warm water diſſolve ſulphat of mercury, without produ- 
cing in it any decompoſition. It is changed by the addition of ſulphuric acid tg 
the ſtate of the acid ſulphat, By diſtillation ſulphat of mercury is reſolved inte 
ſulphureous acid gas, oxygen, and fluid mercury. If this proceſs be ſiopped after 
the diſengagement of the ſulphureous acid gas, and before that of the oxygen gu 
commences, a yellowiſh maſs will be formed at the bottom of the retort, which 
immediately affumes 2 beautiful yellow colour on the affuſion of warm water, 
Cold water gives the yellow a ſlight tinge of green. Alcohol alſo gives a yellow 
colour to this maſs, but one leſs ſtrong than water. This yellow maſs, which i 
turbith mineral, Fourcroy terms ſulpbat of mercury with exceſs of oxyd. In the com- 
mon temperature of the atmoſphere, this falt difjolves in a000 Parts of cold, and 
600 of boiling water, 

Yellow ſulphat, with exceſs of oxyd, diſſolves wholly in nitric acid. The folu- 
tion contains nitrat of mercury and ſulphat of mercury ; the quantity of the ni. 
trat will vary, however, according to the degree of heat to which the fulphat of 
mercury had been previouſly expoſed. 

This falt is ſoluble alſo by heat in muriatic acid, and forms with it oxygenated 
muriat of mercury. If, inſtead of the yellow, the neutralized ſulphat be uſe, ca. 
lomel or ordinary muriat of mercury is produced. Heated with fluid mercury the 
yellow ſulphat becomes of a black colour, and the globules of mercury diſappear 
in proportion 2s they rob the yellow ſulphat of the oxygen which it contains. The 
yellow ſulphat differs from the other two ſpecies in containing leſs acid, and a 
more highly oxydated mercury. 100 parts of it conſiſt, according to Fourcroy, of 
10 of acid, 76 of mercury, 11 of oxygen, and 3 of water, 

Potafh, ſoda, and lime, precipitate the neutralized ſulphat of mercury of a duk 
grey, but the acid ſulphat of an orange colour, In the firſt caſe Fourcroy con- 
ceives that the mercurial oxyd parts with à portion of its oxygen, in the latter that 

it actually abſorbs an additional quantity. 

Ammoniac precipitates ſulphat of mercury always of a grey colour, more ot 
lefs deep, according to the ſtate of the mercurial ſulphat. The quantity of pre. 
cipitate by this alkali is always leſs than when the fixed alkalis or lime are em- 
ployed. el 

If a fmall quantity of ammoniac be poured into a ſolution of neutralized ful- 
phat of mercury, a very copious grey precipitate is produced. "This precipitate, 
expoſed on the filter to the rays of the ſun, is in part converted into fluid mercury, 
and the portion remaining is capable of being diſſolved in ammoniac. The pre- 
cipitate therefore confifts of two ſubſtances, one a black oxyd of mercury, redu- 
cible by light, the other a triple ſalt, or ammoniaco-mercurial ſulphat, 

if again the ammoniac be added in a large quantity, a much leſs copious preci- 
pitate is produced, but one which i is much darker in its colour, and which is who 
ly reducible by expoſure to light. The ſupernatant liquor in this caſe contains 
greater quantity of ammoniaco- mercurial ſulphat. During this action the ammo- 
dine decompoſes only a part of the ſulphat of mercury, When it has faturated 3 
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ion of the ſulphuric acid, and ſeparated a part of the oxyd of mercury whi 
i diſoxydates, the ſulphat of ammoniac unites with the undecompaſed mercurial 
julphat, and fornus the triple falt, or the azmweniaco-mercuriat lbs. Mona 

This triple ſale, when perfectly neutralized, is not very ſoluble in water; but 
in ſolubility is greatly increaſed by an exceſs of the alkali. Ammoniac, in pteri- 
zitating the oxyd of mercury, as has been remarked, takes from it a pertion.of its: 
oxygen, by the loſs of which the mercury is reduced to the ſtate of the black 
and. Fourcroy eſtabliſhed the reality of this action by the following caperi- 
nent : Ammoniac was poured on ſubphat of mercury in its dry and ſalid ſtate; u 
lively efferveſcence, with a hifling noiſe, took place, and azatic gas was diſen- 
raged; 2 very dark coloured powder was at the ſame time depoſited, reducible 
into liquid mercury by expoſure to light. The tupernatant liquor contained am- 
moniaco- mercurial ſulphat. It ſeems ſuperfluous to remark, that in this proceſs 
water muſt have been formed by the combination of the hydrogen of the ammo. 
niac with the oxygen of the mercury. 

The ſolution of ammoniaco- mercurial ſulphat with ammoniac in exceſs, affords 
by flow evaporation very brilliant hard polygonal cryftals, the form of which it is 
/ifficult to aſcertain from their minuteneſs, The cryſtals in this proceſs continue 
to be depoſited till che greater part of the ammoniac is volatiliaed. If, inſt end of 
ilowing theſe cryſtal to form ſpontaneouſly, water in large quantity be added, 2 
white powder is precipitated. The powder is a triple ſalt of che ſame nature with 
the cryſtallized. This effect ariſes from the gveater affinity which the ammogiac 
has for the water than for the triple ſalt, 

[f the liquor, after the ſeparation of thefe cryſtals be lowly evaporated, ſal- 
phat of ammoniac will be obtained. This ſhows clearly that the ammoniac, in 
dcompofing the ſulphat of mercury, forms a greater quantity of fulphat of am- 
moniac than is required to change the undecompoſed mercurial fulphat to the ſtate 
of a triple ſalt, or an ammoniaco-mereurial fulphat. That the ammoniaco-mer- 
curial fulphat contains more ammoniac and oxyd of mercury than, if taken ſe- 
parately, would have been required to ſaturate the ſulphuric acid, may be ſhown 
by mixing together ſaturated ſolutions of the ſulphats of mercury and of ammo- 
niac. An ammoniaco-mercurial ſulphat is formed, and a quantity of free uncom- 
bined ſulphuric acid is contained in the liquor. 

Ammoniaco-mercurial ſulphat is difficultly ſoluble in water, and has a ſharp, 
auſtere metallic taſte. The ſolution of this ſalt affords a white precipitate, with 
cauſtic fixed alkalis and lime. This precipitate, expoſed under water to the action 
of light, becomes of a black colour, gives out azotic gas, and is reduced to the 
late of fluid mercury. Ammoniaco-mercurial ſulphat is reſolved by the fire into 
ammoniac, azotic gas, fluid mercury, and ſulphit of anumoniac, while the yellow 
ſuphat, or turbith mineral, remains behind in the retort. 

Muriatic acid diffolves this falt, and the ſolution contains oxygenated muriat of 
mercury, with the muriats and ſulphats of ammoniac. 100 grains of this ſalt con- 
iſt of 18 of acid, 23 of ammoniac, 39 of oxyd, and ro of water. 

It may be eaſily inferred from the foregoing facts, that when ammoniac is pours 
6d into the acid ſulpbut of mercury, no precipitation will take place, The alkali ſa- 
rates the acid in exceſs, and the ſulphat of ammoniac, which is formed, combines 
nerely with the mercurial fulphat to form the triple ſalt. | 

As the yellow ſulphat contains leſs of the acid, and more of the oxyd than the 
order two mercurial ſulphats, it forms with ammoniac a black oxyd redueible by 
"Fit, and a much ſmaller quantity of the ammoniac or mercurial ſulphat. 
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precipitate is ſormed, but merely the black coloured grey precipitate in very (ma 


depoſits by cooling ſmall priſmatic ſix-ſided cryſtals, which are terminated by pj- 
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i Fourerby, in a memoir inſerted in the fourth volume of the Lrnaller de Chen, 
has alſo ſhown, that the nitric ſolution of mercury exhibits phenomena with am. 
moniac, analogous to thoſe which are produced by the ſulphuric ſolution. 

If ammoniac be added to the ſolution of the acid nitrat of mercury in a quan. 
tity not ſufficient to ſaturate the whole of the acid, the precipitates which fal 
down is of a white or flightly grey colour. If in a larger quantity, the greater 
part of the precipitate is rediſſolved, and what remains is of a dark grey or ſlate 
colour. When a ſtill larger quantity of ammoniac is ſuddenly added, no white 


quantity. If the liquor be now diluted with water, it becomes of a milky colour, 
and depoſits a white ſubſtance which does not become black by the addition oi 
ammoniac. This precipitate has no ſmell. Its taſte is extremely ſharp and meta. 
lic, and it requires 1200 parts of water to diſſolve one of it in the ordinary tem- 
perature of the atmoſphere. Boiling water ſeparates from it a ſmall quantity of 
ammoniac, by which it becomes leſs ſoluble in that fluid. Lime alſo. diſengage, 
ammoniac from it, Muriatic acid diſſolves it readily; the ſulphuric diſengage, 
from it a portion of nitrous gas. Lime, potaſh, and ſoda, occaſion the precipitz 
tion of a white powder in the watery ſolution of this ſubſtance, Diſtilled in: 
ſtrong heat, it gives out ammoniac, azotic gas, oxygen gas, liquid mercury, and, 
laſtly, a thin cruſt of yellow oxyd of mercury, which adheres to the upper part 
of the retort. Theſe facts are ſufficient to ſhow, that this precipitate is a trigl 
ſalt, conſiſting of an oxyd of mercury, nitric acid, and ammoniac. According to 
Fourcroy, they are contained in it in the following proportion : 68 of mercury, 16 
of ammoniac, and 16 of acid and water. 

If the liquor from which this ammoniaco-mercurial nitrat has been precipitated 
be evaporated over a gentle fire till a light ſaline pellicle forms on its ſurface, it 


ramids. Theſe cryſtals conſiſt partly of nitrat of ammpniac, and partly of a 
ammoniaco-mercurial nitrat, the ſame in its nature, and in the proportion of its 
principles, with that which has been already deſcribed. 

This black or ſlaty coloured precipitate is known in the ſhops by the name ai 
the pulvis mercurius cinereus. Its colour and its other properties neceſſarily vary 
according to the quantity of ammoniac employed to form it. It is reducible by 
expoſure to light. | 

k This precipitate by ammoniac has been found by Fourcroy to be likewiſe: 
triple ſalt, or an ammoniacal muriat. ' 100 grains of oxygenated muriat of mer. 
cury afford, by the addition of ammoniac, 86 grains of a white pulverulent pre- 
cipitate, which appears to be nearly inſoluble in water, though in the mouth it 
has a metallic taſte, Diſtilled in a retort, it gives out ammoniac both in the liquid 
and elaſtic ſtate, azotic gas, and mild muriat of mercury. It contains, according 
to Fourcroy, 81 of oxyd, 16 of acid, and 3 of ammoniac. The liquor from whict 
this ſalt has been precipitated affords by evaporation muriat of ammoniac. 

The addition of ſulphuric acid to ammoniaco-mercurial muriat forms a portioo 
of oxygenated muriat of mercury, a portion of ſulphat of ammoniac, and à pct. 
tion ef ſulphat of mercury, ſo that an ammoniaco · mercurial ſulphit is eventually 
produced. The nitric acid produces changes in every reſpect ſunilar upon thi 
ſalt ; but as the ſulphuric or nitric acids can convert mild muriat of mercury ito 
the axereneted, only by giving to it a portion of their oxygen, it becomes ealy t 
account for. the production of the ſulphureous acid and nitrous gaſes, wid 
takes place during the action of theſe acids on ammoniaco-mercurial muriat. 

Muriatic acid diſſolves this ſalt completely, and renders it ſoluble in wat. 
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Fourcroy ſuggeſts, that perhaps the metallic oxyds in theſe triple combinations 
perform the part of acids, and that in this new hy vs * combination they ſeem ca- 
of forming neutral ſalts. 

The following proceſs; deſcribed by Scheele for the preparation of the mild 
muriat of mercury, in the humid way, does not ſeem liable to any of the objec- 
tions which Fourcroy ſtates to the preparation of chis ſubſtance from the corroſive 
latroduce equal parts of mercury and common aqua - ſortis into a ſmall cucurbit 
with a long neck, and place this veſſel in the heat of a ſand bath. When the 
acid appears to act no longer on the mercury, the fire is to. be augmented ſo as 

nearly to make the ſolution boil. This degree of heat is to be continued ſor 
three or four hours, and the veſſel now. and then to he ſhaken. . Towards the end 
the heat is to be regulated ſo, that the ſolution ſhall boil gently for a quarter of ap 
hour. In the mean time, four ounces and a half of pure muriat of. ſoda are to be 
diſſolved in ſix or eight ounces of water. Into this ſolution, heated to the boiling 
point, the ſolution of mercury is to be poured in ſmall quantities at a time, with 
conſtant agitation, , When the muriat of mercury, which is formed, has ſubſided, 
the clear liquor is to be decanted off, and hot water poured on the precipitate, 
with which it is to be edulcorated till the water ſtanding upon it ſhall be entirely 
taſteleſs. It is then to be dried by a gentle heat., 

By this proceſs, about eight ounces and a half of the mild muriat are commonly 
obtained from four aud a half of the mercury, 

m The oxyd of mercury combines with fluoric acid; part of the 93 
remains in ſolution in the acid, and part of it falls to the bottom in the form of 
a white powder. The fluat of mercury is decompoſed-by muriatic and ſulphuric 
acids, and by carths and alkalis. 

The phoſphoric acid has no action on mercury, but it combines readily with; its 
oryd. Phoſphat of mercury becomes ſoluble in water by an exceſs of acid. To 
form this ſalt, four ounces of pure phoſphoric acid diſſolved in water are to be 
boiled with three drachms of red oxyd of mercury in a porcelain diſh, till one 
half of the fluid is evaporated. The liquor is then to be filtered and evaporated 
to dryneſs. It may be formed alſo in the way of double affinity, by adding a ſo- 
lution of phoſphat of ſoda or ammoniac to a ſolution of the nitrat of mercury. 
The phoſphat of mercury formed in this way, containing no exceſs of acid, is OG 
inſoluble in water. 

Tartaric acid combines by boiling with the oxyd of mercury to form a difficultly 
ſoluble ſalt in ſmall ſhining ſcales. The acid of this ſalt is decompoſed by the 
fire, and the mercury reduced to the liquid ſtate. The tartaric acid takes mercury 
from a ſaturated ſolution of this metal in nitric acid, Tartarit of mercury is very 
conveniently formed, by adding a faturated nitric ſolution of mercury to a hot 
ſolution of tartarit of potaſh. Alkalis precipitate the mercury from this ſalt of a 
black colour, The tartaric is inferior in its affinity for mercury to the oxygenated 
muriatic, and fulphuric acids. 

Oxalic acid combines only with the oxyd of mercury. The oxalat is a white 
powdery ſubſtance, which becomes ſoluble in water by an exceſs of acid. It be- 
comes blueiſh when expoſed to the light of the ſun. Oxalic acid takes mercury 
from the ſulphuric and nitric, but not from the muriatic acid. Its reſpective affi- 
dity with the phoſphoric has not been determined. This ſalt may be formed in 
the way of double affinity, by mixing the oxalat of an alkali with a ſaturated ſoly- 
tin of nitrat of mercury, 
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The eitrie and malic acids diſſolve oxyd of mercury, but the ſalts which they 
form are little known. 


Acetic acid, by digeſtion iq the heat, diſſolves oxyd of mercury, and forms wig 
it a white ſilver- coloured falt, which is diffolved with difficulty in wary, 
but more eafily in boiling The taſte of acctat of mercury is 
aſtringent, but ſomewhat ſharp. It is decompoſed by the addition of water, any 
a yellow oxyd precipitated. In a ſtrong heat the acid is diſſipated, and fluid mer 
cury produced. This ſal may be formed by adding acetat of potaſh to u ſatury, 
ed ſolution of mercury in the nitric acid. In affinity for mercury the acetic ci 
| ſeems to be inferior to the muriatic, but ſuperior to the ſulphuric and nitric 
Til acids | 
LH Benzoic acid unites by boiling with the oxyd of mercury. The ſolution affork 
by evaporation a white powdery ſalt, which is difficultly ſoluble in water, an 
| which affords a yellow precipitate with alkalis and lime water. Benzoat of mer. 

cury is volatile in the fire, and ſublimes into white radiated plumoſe cryſtals. 1 

is moſt eaſily prepared, by adding benzoat of potaſh to a ſolution of mercury in 
the nitric acid. This ſalt is decompoſed by ſulphuric and muriatic acids. 

The ſuccinic acid forms a difficultly ſoluble ſalt with the oxyd of mercury, the 
4 properties of which are but little known. Succinat of potaſh decompoſes th 
. ſulphuric and nitric ſolutions of mercury. 

The gallic acid precipitates mercury from all its ſolutions in acids. The pre 
FI cipitate from the oxygenated muriat is of a whitiſh yellow, that from the nit 
i of a reddiſh yellow colour. 

1 Pruffizt of alkali precipitates mercury from its ſolutions in acids, at fir « 
Ih | a whitiſh colour, but whick becomes brown by drying. An exceſs of the pruſſat i. 

1 diſſolves the precipitate. Pruſſiat of mercury may be formed, according t2 

Scheele, by boiling Pruffian blue and red oxyd of mercury in water. 


1 — 
* 


CHAPTER XVI. 
CONCERNING Tm. 


Tix, or Jupiter of the alchymiſts, is an imperfect metal, of a 
whiter and more brilliant colour than lead, but not quite ſo 
white as filver. It is caſily bent, and produces a crackling 
noiſe when bent, a phenomenon which we have already obſerv- 
ed, though leſs evidently, in zink, and which has been urged 
by Malouin, as an inſtance of ſimilarity between that metal and 
tin. 

This noiſe appears to depend on the ſudden ſeparation. of the 
parts of the metal, and ſeems to ſhow, that a fracture takes 
place, though. tin reſiſts very little the effort which is made to 
bend it. 

Tin is the lighteft of all metals; it is ſufficiently ſoft to be 
ſcratched with the nail. In water it loſes about one feventh 
of its weight. It has evidently a ſmell, which becomes much 
ſtronger by heating or rubbing. It has likewiſe a peculiarly 
liſagreeable taſte, fo ſtrong, that ſome phyſicians have ſuppoſed 
it to have a ſenſible action on the animal economy, and conſe- 
quently have recommended it in ſeveral diſorders. Its extreme 
ſoftneſs renders it ſcarcely at all ſonorous. Tin is the ſecond 
among metals in the order of ductility; it is reducible beneath 
the hammer into laminæ, thinner than leaves of paper, which 
are of great uſe in many arts. Its toughneſs is ſuch, that a 
vire of tin, of the tenth of an inch in diameter, ſupports. a 
weight of forty- nine pounds and a half without breaking. The 
Abbe Mongez did not ſucceed in his attempts to cryſtallize 
tin; but De la Chenoye, one of my pupils, has ſucceeded, by 
fuling the tin for a number of ſucceſſive times, by which means 
de obtained a rhomboidal aſſemblage of priſms or needles, 
united longitudinally to each other 2. 

Moſt mineralogiſts ſtill doubt the exiſtence: of native tin; 
ſome authors however affirm that it has been found in Saxony, 
in Bohemia, and in the peninfula of Malacca, It is ſtrongly 
«firmed, that it exiſts in the mines of Cornwall ;. and Sage has 
Eſctibed a ſpecimen of this tin given him by Mr. Woulfe a 
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chemiſt of London. This piece is grey and brilliant in ji, 
fracture; when beaten on the anvil, it forms brilliant ay 
flexible lamine. Tin is more commonly met with in a whit, 
ponderous opake oxyd, cryſtallized in octahedrons, or four ſided 
pyramids ; its texture is lamellated and ſparry. Bucquet con. 
ſiders it as a true carbonat of tin. Sage thinks that theſe eryſ. 
tals are mineralized by the muriatic acid. It muſt be here 
remembered, that moſt of the cryſtals of white tin ore which 
are met with in collections, conſiſt of native tungſtat of lime, 
and that this ſalt muſt not be confounded with the oxyd of ti, 
which does not turn yellow by the contact of acids. 

The appellation of tin ore is given more eſpecially to bodies 
of a very deep red, violet, or black colour, and of more cork. 
derable weight than any other mineral ſubſtance. Theſe ore, 
are ſometimes cryſtallized in irregular cubes, and exhibit 
groups, diſperſed on a bed of quartz, or fuſible ſpar ; they 
very frequently form maſſes, without any cryſtallization. Mo: 
naturaliſts agree in ſuppoſing the coloured ores of tin to be 
combinations of this metal with arſenic, and they attribute 
their exceſſive weight to the abſence of ſulphur, Sage and 
Kirwan think, however, that they do not contain any arſenic; 
and the former affirms, that it is not neceſſary to roaſt then, 
unleſs they be mixed with arſenical pyrites, which is a very 
common circumſtance. - Kirwan affirms that the black tin ore 
contains 42, of tin and iron. Bergman admits the exiſtence 
of ſulphurated tin in nature among the minerals of Siberi. 
This ſulphureous ore was externally of a golden colour, like 
aurum muſi vum, and its internal part preſented a maſs of ri 
diated-cryſtals, white, brilliant, and brittle, and aſſuming change 
able colours on expoſure to air. It contained a ſmall portion 
& copper; r palin ice be: | z 
There have been no mines of tin found in France. Baume, 
however, ſuſpects, that it might be found in the neighbourhood 
of Alengon, and in ſome cantons of Britany, becauſe rock 
eryſtals are found, which appear to be coloured by that metal 
The countries where they are the moſt abundant, and te 
worked, are the counties of Cornwall and Devonſhire, in Eng- 
land; Germany, Bohemia, Saxony, the Iſland of Banca, and 
the Peninſula of Malacca, . the Eaſt Indies. Many natur . 
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1; have conſidered garnets as ores of tin, doubtleſs on account 
' of their colour; they differ, however, from tin ores, by their 
traoſparency and their weight, which laſt is much leſs. Buc- 
quet and Sage have not found that they contain tin. 

The different ſtates of tin found in nature are not therefore 
en, and 73 6 be reduced to the following varieties. 


Varieties, | F(t 
1. Native tin in leaves or 9 


2. White ſpathoſe tin ore, in octahedral be N 

z. Tin ore of a yellowiſh white; often n and ſemi- 
tranſparent, like topazes. i 
4. Brown or reddiſh tin ore, in priſms, with four right —_ 
planes, terminated by quadrangular pyramids, the ſur- 
faces of which are iſoceles triangles; .'Theſe cryſtals are 
fixed into each other, or joined by one of their pyramids, 
ſo that externally only two ſmall triangular portions of 
two of theiſurfaces of this pyramid can be perceived, 
which form retreating angles, with the correſponding 
- portions of the pyramid of the ſecond cryſtal. © This 
union is in perfect analogy with its primitive form, which 
appears to be a dodecahedron with rhombic ern 125 
which has not yet been found iſolate d. | 

5. Tin tone, finberg of the Swedes; it is a ſtone or 5:0 
which contains a mixture of oxyd of tin. The r 
mens are grey, blue, brown and black. 

6. Sulphureous ore of tin, of a brilliant colour ficailari to that 
of zink, or golden, like aurum mufruum. 

To make the aſſay of an ore of tin, it muſt be groſsly 1 
ed, after dividing it into different parcels, waſhed and roaſted 
in 2 covered capſule of earth, care being taken to uncover it 
from time to time, in order to diſſipate the tin as little as poſ- 
ible ; for if it be roaſted in an open fire much of that metal is 
loſt, as Cramer remarks. It muſt likewiſe be roaſted with ex- 
pedition, leſt the tin ſhould be too much oxydated. Baume, to 
obviate theſe two inconveniences, propoſes to mix a quantity 
of roſin or piteh, which reduces a portion of the oxyd formed 
in this operation. Aſter the ore is roaſted, it is to be quickly 
fuled in the erueible, with three parts of black flux, and a 
ſmall quantity of decrepitated marine ſalt, By comparing che 
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weight of the waſhed and roaſted ore with that of the metalli 
duttom obtained, the quantity of foreign matter, and the pts 
portion of tim it will afforti in the hundred, is known, Cr, 
mer propoſes. to make this affay in a move expeditious manner 
and perhaps with leſs lofs, by making uſe of two large piece, 
of charcoal, one of them muſt have a cavity, to ſerve inſtead af 
a crucible, into which the ore is put, with a ſufficient 

of pitch; the other is penfordted with a ſmall. opening to 
give iſſue to the vapours. This is applied on the former ty 
cover it; and they are tied together with iron wire, after ha. 


ing luted the joinings. Theſe ave ſet on fire before the noozle 


of a pair of forge bellows, and kept there by means of cliarce) 
placed round them; As ſoon as 2 ſufficient heat has been g. 
ven to fuſe the tin, the charcoal is to be extinguiſhed with v. 
n — of a button 
ar globule. 


— yrepalcs to-affay the crev-ob ti by ſolution 
— aca, to which the muriatio acid is afterwards: added; 


amd to precipitate it by: fixed alkali. If the tin be pure, cue 
kundrec and thirty-one: grains of the precipitate! will be equl 
to one hundred and ſix of tin. If it be mixed with copper ui 
iron, theſe foreign metals are to be removed by means of the 
nitric-and muriatic acids. 

The working of ores: of tin in the large way is ſimilar tothe 
proceſs before deſcribed ;. it is often neceſſary” to make: fires of 
wood in the mine, to calcine and ſoften the gangue, which 5 
very hard, by which very dangerous vapours are diſengaged 
This proceſs is uſed in the nines of Geyer. In other places 
the ores are found in. ſand, at a very ſmall depth, as at Ebe- 
ſtock. The pounded ore is waxed in bones, with little part 
tions of cloth, to retain the metallic particles; it is then roal- 
ed in re verberatory furnaces, to hic a horizontal chimney i 
adapted; to collect the ſulphur and arſenie; after which it 
fnſed; and poured into moulds, to give it the form of blocks. 
The ores-of tin are wrought nearly in the ſame way in Get 
many and in England. In the latter country this metal is 1 
doyed with lead and copper, according to Geoffroy, and newt! 
exported: in a ſtate of purity, We likewiſe receive from Eng 
land. a kind of tin in ſtalactites, which is called grain tin, hic 
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iz thought to be very pure; but Bayen and Charlard affirm, 
that it ſometimes contains copper, The pureſt tin of all 13 
that which comes from Malacca and Banca; the firſt has been 
run into moulds, which give it the form of a quadrangular | 
truncated pyramid, with a narrow {lope round its baſe ; each 
ingot weighs about a pound. The ſecond is in oblong ingots, 
weighing forty-five or fifty pounds; theſe two kinds of tin are 
covered with a grey ruſt, more or leſs thick. 

The tia which comes from England, and is much more uſed 
than the pure tin of the Indies, its price being lower, is in the 
form of large blocks, of about three hundred pounds weight. 
It is alloyed with copper, either artificially, according to Geof- 
froy, or naturally, according to Baron Dietrich. To facilitate 
the ſale, it is afterwards melted into ſmall ingots, or ſticks, of 
nine or ten lines in circumference, and about a foot and a half 
long. 
Tin expoſed to heat in cloſe veſſels melts very quickly. It 
is the moſt fuſible of metals, and remains fixed as long as the 
fire is not raiſed; but this fixity appears to be only relative, 
ince a conſiderable heat volatilizes it, as we ſhall ſhortly ob- 
ſerve®. It is to be heated with acceſs of air; its ſurface be- 
comes covered with a dull greyiſh pellicle, and aſſumes a ſhri- 
velled appearance. When this is taken away the tin is ſeen 
underneath with all its metallic brilliancy. A new pellicle 
ſoon becomes colle&ed, and in this manner all the tin may be 
reduced into pellicles, which are nothing elſe but a metallic 
oxyd, or combination of the metal with the oxygen of the at- 
moſphere. Tin becomes one tenth heaviec by oxydation. If 
the metal be heated to redneſs, Geoffroy has obſerved, that its 
oxyd is gradually raiſed by a very lively whitiſh flame, which 
he compares to that of zink. This is a true inflammation, or 
rapid combuſtion of the metal, at the ſame time that a light 
fume of tin is volatilized, which is condenſed on cold bodies 
nto a whitiſh oxyd, in the form of needles. The grey oxyd 
of tin becomes white, if again expoſed to the action of a ſtrong 
ire; it unites to an additional quantity of oxygen, and be- 
comes more oxydated. In this ſtate it is called tin putty. If it 
be expoſed to an exceedingly ſtrong heat, as for example that 
ot * furnace, it melts into glaſs, Macquer and Baume 
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have obſerved, that tin thus treated in a crucible is converted 
into a white and needle-formed oxyd, and the part underneath 
is hard, coherent, reddiſh, and imperfectly melted ; that ano. 
ther part forms a glaſs of the colour of a ruby or hyacinth; 
and that laſtly, at the bottom of the crucible a part of the tin 
remains in the metallic ſtate, Notwithſtanding this experi. 
ment the oxyd of tin is conſidered as infuſible, and it certainly 
requires a fire of the utmoſt violence to melt it into glaſs; the 
oxyd may be decompoſed by the addition of animal or vege. 
table combuſtible matters, which ſeize the oxygen contained in 
the oxyd, and cauſe the metal to re-appear with all its proper. 
ties. It ſeems, however, that well oxydated tin-putty ſtrong. 
ly retains the baſe of the air to which it is united, fince it is 
not reduced but with great difficulty, and by the addition of 2 
large quantity of combuſtible matter. Hence it is that Baume 
and other chemiſts have concluded, that when tin ores are too 
much roaſted there is a portion not reducible into metal. 
Tin is not much altered by expoſure to air, and does not 
readily become tarniſhed when it is pure. The tin of com- 
merce is covered, after a certain time, with a grey powder, 
which, according to Macquer, 1s merely ſuperficial, and never 
penetrates into the metal, as the iron does. | 

| Water does not diflolve or oxydate tin, though in proceſs df 
time it tarniſhes and appears to oxydate its ſurface. 

Earthy matters contract no union with this metal. Its oxyd, 
which is very infuſible, does not form a tranſparent nor co- 
loured glaſs with vitrifying ſubſtances ; but as it is exceeding- 
ly white it renders the glaſs of a very opake white colour, by 
its interpoſition between the tranſparent parts. This kind of 
vitreous frit is called ename/. Putty of tin, on account of is 
infuſibility, deprives all glaſſes of their tranſparency, and con- 
verts them into coloured enamels, 

The action of lime, magneſia, and alkalis on tin, has not been 
inquired into. It cannot, however, be doubted, but the latte! 
falts, aided by the action of water, are capable of producing 
ſome change in the metal, fince in a very ſhort time they cauſe 
it to exhibit the colours of the rainbow. : 
The concentrated ſulphuric acid, according to Kunckel, dif 
ſolves half its weight of tin. The ſolution is performed ve!) 
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well by the aſſiſtance of heat. Sulphureous gas, of a very pe- 
netrating ſmell, is diſengaged, without any apparent efferyeſ- 
cence or motion. The tin, in this experiment, ſeizes the oxy- 
gen of the ſulphurie acid, becomes quickly oxydated, and the 
acid is found to contain a ſufficient quantity of the oxyd to af- 
ford a precipitate by the addition of water. Sulphuric acid, 
diluted with a ſmall quantity of water, acts likewiſe on tin, 
but the ſolution 1s more permanent, and affords a leſs abun- 
dant precipitate on the addition of more water. Diluted, or 
ſeeble ſulphuric acid, does not diſſolve it. In this combination 
the tin ſeizes the oxygen of the ſulphuric acid, in ſuch quan- 
tities that ſulphur 1s very ſuddenly formed. This ſubſtance 
gives the ſolution a brown colour while it is warm, and is pre- 
cipitated as ſoon as it becomes cold. Macquer and Baume have 
aſcertained the preſence of ſulphur in his combination. When 
the ſolution is more ſtrongly heated, the tin is precipitated in 
the form of a white oxyd. The ſame phenomenon takes place 
without the aſſiſtance of heat, though in a much longer time. 

Tin diſſolved in the ſulphuric acid is very eauſtic. Monnet, 
dy cooling; obtained cryſtals fimilar to calcareous ſulphat, or 
fine needles, intetmixed with each other. The oxyd of tin 
precipitated from its ſolution by ſtanding, or by heat, is ſoluble 
in the ſulphuric acid. If the ſulphuric ſolution of tin be eva- 
porated to dryneſs, the oxyd it affords 1s of a grey colour, very 
difficult of reduction, and no longer ſoluble in the acid. Al- 
kalis precipitate tin from the ſulphuric acid, in the form of a 
very white oxyd. 

Nitric acid is decompoſed by tin, even in the cold, with a 
lingular degree of rapidity. This ſolution is one of the oe 
iriking and rapid among chemical phenomena. It appears that 
the tin has a very ſtrong tendency to unite with the oxygen 
of the nitric acid; and as azote is far from adhering as ſtrong- 
ly to the oxygen in this acid as ſulphur to the ſame principle 
in the ſulphuric acid, it is not ſurpriſing that the decompoſition 
of the former by tin ſhould be much quicker than that of the 
latter by the ſame metal. Morveau has obſerved, that in a 
folution of tin by the nitric acid, no gas is diſeagaged, but that 
ammoniac is formed. We ſee, therefore, that the tin not only 
decompoſes the nitric acid but likewiſe the water, fince it can 
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only be the hydrogen of the water, which, uniting to the azote 
of the nitric acid, forms the ammoniac produced in this operation. 
The tin is converted into a white oxyd, which Macquer in vain 
attempted to reduce, The metal in this ſtate appears to he 
ſuperſaturated with oxygen ©. The nitric acid holds but a very 
ſmall quantity of the metal in ſolution ; and when evaporated 
with the intention of obtaining cryſtals, the diſſolved portion 
quickly precipitates, and the acid remains nearly in a ſtate of 
purity. Bucquet however affirms, that a nitrat of tin, whoſe 
form he has not determined, may be obtained from this ſolu. 
tion; it is very deliqueſcent. He likewiſe aſſerts, that if the 
oxyd of tin, produced by the decompoſition of the nitric acid, 
be waſhed with water, the fluid diſſolves a ſmall quantity of 

the nitrat of tin, which may be obtained by evaporation, The 
nitric acid retains a ſomewhat larger quantity of tin in ſolu- 
tion, when it is uſed in a very diluted ſtate ; but it lets it fall 
by ſtanding, or by the application of heat. Bayen and Char. 
lard, in their valuable inquiries concerning tin, have diſcover. 
ed, that when the nitric acid 1s charged with all the tin it can 
oxydate, ſo as to become thick and incapable of acting on new 
portions of the metal, a fanno-nitrous ſalt is obtained by walk. 
ing the maſs with a large quantity of diſtilled water, and ers- 
porating the water to dryneſs, which ſalt detonates alone in a 
heated veſſel, and burns with a white and denſe flame, like that 
of phoſphorus. This ſalt is not a nitrat of tin, but a kind of 
triple ſal! or nitrat of ammoniac and tin. Diſtilled in a retort, 
it ſwells up, boils, and inſtantly fills the receiver with a white 
thick vapour of a nitrous ſmell. 

The fuming muriatic acid acts ſtrongly on tin, and diſſolves 
it by the help of a gentle heat, and even in the cold, inſtantly 
loſing its colour and property of emitting fumes. The very 
ſlight efferveſcence which takes place in this combination dil. 
engages a fetid inflammable gas from the mixture, not at all re- 
ſembling the ſmell of arſenic, as ſome chemiſts have affirmed*. 
The water is therefore decompoſed by the tin with the afliſt- 
ance of the acid. The muriatic acid diſſolves more than halt 
its weight of tin; the ſolution is yellowiſh, of a very fetid 
ſmell, and does not afford a precipitate of oxyd of tin like the 
two laſt mentioned acids. By evaporation it affords brilliant 
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and very regularly formed needles, which ſlightly attract the 
humidity of the air. Monnet affirms, that theſe needles, after 
having deliquiated, cryſtallize, and remain dry in the air. 


Baume, who prepared the muriat of tin in the large way, as, 
for example, in the proportion of one hundred and fifty pounds 
of acid to twenty-five pounds of tin, for the manufacture of 


painted filks, has accurately deſcribed fome of its properties. 
Out of twelve pounds of tin diſſolved in forty-eight pounds of 

muriatic acid, there remained two ounces fix drachms of a grey 
powder, not ſo:uble in one pound of the acid, with which he 
digeſted it for ſeveral days, Margraaf takes it to be arſenic, 
but Baumè did not examine it. He compares the ſmell of this 
concentrated ſolution to that of the black earths taken ont of 
old ſewers, and remarks, that when it touches the fingers, no- 


thing can take away the metallic ſmell peculiar to tin, which 


it communicates to them, and which is not diſſipated in leſs 
than twenty-four hours. He obſerves, that the cryſtals of the 
muriat of tin vary according to the ſtate of the acid. In ſome 
caſes they form ſmall white needles ; and the ſame ſolution has 
zforded him white and roſe coloured cryſtals. The latter, pu- 
rified by ſolution and evaporation, afforded, by cooling, large 
cryſtals, nearly ſimilar to thoſe of the ſulphat of ſoda, Ano- 
ther time, when the common muriatic acid was uſed, he ob- 
tained the ſalt in the form of ſmall. ſcales, of a pearly white, 
limilar to that of boracic acid. He does not ſpeak of the ac- 
tion of fire on this ſalt, Monnet, who diſtilled the muriatic 
ſolution of tin, affirms that he obtained a fat matter, very fu- 
ible, and afterwards a true butter of tin, with a fuming liquor 
limilar to that of Libavius, hereafter to be mentioned. This 
fact agrees with the obſervation made by Macquer on a ſolu- 
tion of tin in the muriatic acid, which cryſtallized almoſt to- 
tally during the winter, and recovered its fluidity in ſummer ; 
a property likewiſe Der in ſublimated muriat of tin. 
This illuſtrious chemiſt remarked, that a white depoſition ſub- 
ided at the end of ſome years. The combination of the muri- 
atic acid and oxyd of tin affords a much more abundant preci- 
pitate than other ſolutions, on the addition of alkalis and lime. 
Alkalis rediſſolve a part of the precipitated oxyd, and aſſume 
a yellow brown colour. It was by diſſolving a variety of ſ pe- 
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dimens of impure tin in this acid, that Bayen and Charlarg 
ſucceeded in diſcoyering a ſmall proportion of arſenic in the 
Engliſh tin. When this metal is contained in tin, the action 
of the acid produces a black colour in the metal, and when the 
ſolution is finiſhed, a blackiſh powder remains, which is arſe. 
nic, either pure, or united to a ſmall quantity of copper. This 
acid, therefore, may be uſed to diſcover the preſence and quan, 
tity of arſenic contained in tin e. 

The oxygenated muriatic acid diſſolves tin very readily, and 
without ſenfible efferveſcence, becauſe that metal quickly ab. 
ſorbs the ſuperabundant oxygen from the acid, and does not 
require any decompoſition of the water to effect its oxy dation. 
The ſolution has then all the characters of the preceding. 

Nitro-muriatic acid, made with two parts of nitric acid, and 
one of muriatic acid, diſſolves tin with efferveſcence. A ſtrong 
heat is excited, which muſt be checked by plunging the mix. 
ture into cold water. To form a permanent ſolution of tin in 
this mixed acid, the metal muſt he added by {mall portions at 
a time ; one portion being ſuffered entirely to diſappear before 
a ſucceeding one be added; if the whole were added at once, 
great part of the metal would be oxydated. Aqua regia, by 
this management, will diſſolve half its weight of tin. The 6. 
lution is of a reddiſh brown, nearly tranſparent, and frequent. 
ly, in a few ſeconds, becomes converted into a tremulous jelly, 
of the appearance of reſin. This ſubſtance becomes more ſo- 
lid at the end of a few days, and may be cut in pieces like x 
Arm animal jelly. Some parts exbibit the ſeqi-tranſparency 
and whiteneſs of the opal. It emits a penetrating ſmell of mu. 
riatic acid, but is not fetid like the muriatic ſolution. I hare 
preſerved it ſeveral years in a bottle, imperfectly cloſed, and 
found that it has not loft any part of its ſolidity or tranſpa. 
rency. In order that the ſolution of tin by agua regia may form 
a jelly, it moſt be charged with a large proportion of metallic 
oxyd. Sometimes it becomes concrete, on the addition of halt 
its weight of water, though it was perſectly fluid before: but 
the jelly formed by the addition of water is of an opal colour, 
becauſe, according to the remark of Macquer, the ſolution it- 
ſelf being decompoſable by water, a portion of the oxyd of tin 
is procipltered, and deſtroys the tranſparency of the jelly. Thi 


TIN, 359 
learned chemiſt has likewiſe obſerved, that if a ſolution of tin 
in nitro-muriatic be heated, an efferveſcence is excited, which 
ariſes from the re- action of the mixed acid on the metal, its 
whole action not being already exhauſted. The ſolution then 
loſes all its colour, and becomes fixed by cooling. The jelly it 
forms in this caſe is beautifully tranſparent. Small needle- 
formed cryſtats are frequently depolited from a liquid ſolution 
of tin by ſtanding. Neither theſe, nor the gas diſengaged dur» 
ing the action of nitro-muriatic acid on tin, have been yet exa- 
mined. Bayen and Charlard find that this ſolvent might like- 
wiſe be uſed to diſcover the preſence of arſenic in tin, if its ac- 
tion on this metal were Jeſs conſiderable. But this circumitance 
prevents its indicating the quantity with the ſame preciſiou as 
the muriatic acid, 

The action of other acids on tin is not known f. 


All the neutral ſulphuric ſalts, and eſpecially the ſulphats of 


potaſh and ſoda, are decompoſed by tin. Equal parts of ſul- 
phat of potaſh and tin being heated in a crucible, afforded me a 
greeniſh melted maſs, which no longer exhibited any metal, 
and was a true ſulphure of tin, The tin deprives the ſulphu- 
ric acid of its oxygen ; the ſulphur diſengaged by this decom- 
polition combines with the potaſh, and this ſulphure diflolves a 
portion of the oxyd of tin. It 1s the third metallic ſubſtance 
in which we have obſerved this property of decompoſing alka- 
line ſulphats. We ſhall preſently find that Glauber made * 
lame obſervation on the ammonĩacal ſulphat. 

This metal cauſes nitre to detonate with rapidity. For this 
purpoſe it is melted, and made obſcurely red hot in a crucible. 
Dry nitre in powder bei g then thrown in, produces a white 
and brilliant flame. Thc tin, when the addition of -nitre no 
longer produces detonation, is entirely oxydated. The white 
powder which remains contains alkali, rendered cauſtic by the 
oxyd of tin, and united to a certain quantity of that oxyd. 
By lixiviation, and the addition of an acid, the tin may be 
precipitated. The grey oxyd of tin is fufible with nitre, be- 
cauſe, as Geoffroy has obſerved, it contains a portion of tin, 
which is only in a ſtate of extreme divifſion. If a perfect oxyd 
'of this metal be taken, as for example, ſuch as has been long 
heated, and is very white; or inſtead thereof, ſuch an oxyd 
Z. mj 
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0 as is afforded by acids, the ſame nee does not 
by follow. | { ' | 


| Tin very readily decompoſes ammoniacal muriat, and ic, 
engages a very cauſtic and gaſeous ammoniac. Bucquet, why 
made a courſe of experiments on the decompoſition of ammo- 
niacal muriat by metallic ſubſtances and their oxyds, obſerves, 
that much inflammable gas is diſengaged by the re- action of tin 
on the ammoniacal muriat. According to the experiments of 
this learned chemiſt, metals decompoſe this ſalt by virtue of 
the action of the muriatic acid on them: and as we have ſeen 
that the muriatic acid has a very ſtrong affinity with the tin, 
it may be concluded, that the theory of Bucquet is ſatisfac. 
tory, and perfectly conſonant with the facts. Glauber informs 
us, that his ſecret ſal ammoniac, or ſulphat, is decompoſed by 
| tin; but this decompoſition is not complete, according to Pott, 
1 who repeated Glauber's experiment; doubtleſs becauſe the ſul. 
phurie acid has not ſo ſtrong an affinity with tin as the muri. 
atic. Bucquet likewiſe obſerves, that the tin being very fu. 
fible, is colleQed in a button at the bottom of the retort, and 
that conſequently the ammontacal muriat is not ſo completely 
decompoſed as otherwiſe it might be by the metal. For this 
reaſon tin does not decompoſe this ſalt as perfectly as leſs fu- 
fible metals. The refidue of the decompoſition is a ſolid mu- 
riat of tin, decompoſable by water, and fimilar to that which 
is formed by this metal with corroſive muriat of .mercury, 
hereafter to be treated of. 

Tin may be eafily combined with ſulphur, by throwing one 
or two parts of ſulphur in powder, on five or ſix parts of tin 
melted in an iron ladle. The mixture being agitated with an 
iron ſpatula, becomes black, and takes fire. If it be melted 
in a crucible,. a brittle maſs, diſpoſed in flat needles united to- 
gether, is obtained. This compoſition is much more difficult 
to melt than tin, a property common to all combinations of 
ſoft and fuſible metals with ſulphur. Bat the moſt important 
circumſtance-1s, that though tin eaſily unites with ſulphur by 
fuſion, it is very ſeldom found naturally in this ſtate, The fact 1s 
abſolutely the contrary with zink, which is frequently com- 
bined with ſulphur in its ores, though it does not unite with 
it in our laboratories without the greateſt difficulty, Tix 
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operations of nature are often very different from thoſe of art; 
but though ſome natural combinations are found, which art 
has not ſucceeded in imitating, it is likewiſe certain, that many 
compoſitions are artificially produced, of which nature fur- 
niſhes no model t. « 

Arſenic ſcarce unites with tin by fuſion, becauſe the greater 
part is diſſipated. The arſeniat of potaſh combines better with 
that metal ; and Baume has obſerved, that in this combination, 
the arſenic acid quitting the alkali to unite with the tin, to 
which it yields a portion of its oxygen, produces a brittle bril. 
liant button, diſpoſed in facets like antimony. The experi- 
ments which Margraaf has made concerning the union of tin 
with oxyd of arfenic, by diſtillation, have ſhown us, that part 
of this oxyd is reduced into arſenic, while a portion of the tin 
is oxydated, The tin thus united to arſenic, is not ſeparable 
by the action of the moſt violent fire, and it is probable the 
former metal always retains a portion of arſenic, ſufficient to 
render its uſe dangerous in culinary operations. When the 
oxyd of tin, charged with arſenic, is expoſed to diſtillation, a 
{mall quantity of liquid, which has the ſmell of phoſphorus, 
is obtained, according to Margraaf. Bayen and Charlard have, 
fince his time, examined the combination of arſenic and tin. 
They obſerve, that the oxyd of arſenic, called ſimply white ar- 
/enic, does not combine with tin, but in proportion as it ac- 
quires the metallic ſtate ; and that this combination is effected 
much better, by directly uniting the regulus of arſenic with 
tin, If three ounces fix drachms of tin be put into a retort, 
with two drachms of regulus of arſenic in coarſe powder, and 
the retort, after adapting a receiver, be heated to redneſs, 
ſcarcely two grains of arſenic are elevated in the neck of the 
veſſel, and a metallic button, weighing four ounces, is found 
t the bottom of the retort. This alloy, which contains one 
ſixteenth of its weight of arſenic, is cryſtallized in large fa- 
cets, like biſmuth. It is more brittle than zink, and leſs fu- 
idle than tin. It firſt becomes ſoft by heat, and if in this ſtate 
it be touched with an iron rod, a crackling noiſe is produced 
by the friction of its laminæ on each other. It melts into the 
a of paſte, and gradually emits arſenic in the form of 
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Cobalt unites by fuſion to tin, and forms an alloy in ſmaij 
cloſe grains, of a light violet colour. 

Tin and biſmuth afford, according to Gellert, a brittle al. 
loy, preſenting cubic facets in its fracture. Tin is ſometime 
alloyed with this metal, to give it whiteneſs and hardneſs, 4, 
1t communicates a great degree of firmneſs, and 1s dearer thay 
zink, which produces the ſame effects on tin, workmen cannot 
be ſuppoſed to employ it in a larger proportion than a pound, 
or 2 pound and a half in the hundred, in which caſe, its effect 
on the animal economy need not be feared. But in larger 
proportions they might be ſuſpected to reſemble thoſe of lead, 
from the ftrong affinity between the properties of biſmuth aud 
that metal. Biſmuth may be ſeparated from tin by the mu- 
Tiatic acid, which diſſolves the latter, and ſuffers the former to 
precipitate in a black powder, provided the acid be weak. Nitro- 
muriatic acid, diluted with water, produces the ſame effect. 

Antimony, united to this metal, affords, according to Gel. 
lert, a white and very brittle metal, whoſe ſpecific gravity is 
leſs than that of the two metallic ſubſtances taken ſeps 
rately. 

Zink unites perfectly with tin, and produces a hard metal 
of a cloſe grained fracture, and more ductile in e ene 
the quantity of tin is larger. 

Cronftedt affirms, that nickel united to tin forms a white and 
brilliant maſs, which, when calcined under a muffle, riſes in 
the form of a vegetation. | 

Mercury diſſolves tin with great facilty, and in all propor- 
| tions. To make this combination, heated mercury is pourel 
= on melted tin; the amalgam produced, differs in its ſolidity 
| according to the relative doſes of theſe two metallic ſubſtances. 

An amalgam was formerly made with four parts of tin, an! 
one of mercury, which were caſt into balls that became ſold 
in cooling; theſe balls were faſpended in water for the purpole 
of purifying it: but as the water was at the ſame time made 
to boil, the precipitation of foreign ſubſtances, which com 
minated the water, was entirely owing to the laſt ctroumltancy, 
and not to the metallic ſubſtance. The amalgam of tin is & 

pable of cryſtallizing, and has the form of ſmall cubes, ® 
Daubenton obſerved in the amalgam of tin uſed by him to 
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cloſe the months of veſſels containing preparations in the King's 
garden, Sage affirms, that the cryſtals are grey, brilliant, and 
in plated lamine, thin towards their edges, and that the cavi- 
ties between thein are polygonal. 

Tin has a ſtronger affinity with oxygen than mercury, and 
decompoſes the corroſive mercurial muriat. To effect this, the 
tin is firſt divided by the addition of a ſmall portion of mer- 
cory 3 equal parts of this amalgam, and the corroũ ve mercu- 
rial muriat, are triturated together, and the mixture expoſed 
to diſtillation in a glaſs retort, by a very gentle heat. A co- 
lonrleſs liquor firſt paſſes over, and is followed by a thick 
white vapour, which iſſues with a kind of exploſion, and co- 
yers the internal ſurface of the receiver with a very thincruſt. 
The vapour becomes condenſed into a tranſparent liquor, which 
continually emits a thick, white, and very abundant fame. It 
is called the fuming hqror of Libavius, and is the combination 
of the muriatic acid and tin, the acid appearing to be ſuperſa- 
turated with oxygen. This liquor, when cloſed in a bottle, 
does not emit viſible vapours, though a certain quantity is diſ- 
engaged, which depoſits the oxyd of tin in needle-formed cry- 
ſtals, at the upper part of the bottle; ſo that the extremity of 
the neck becomes accurately cloſed at the end of ſome months. 
A ſmall portion of this oxyd is likewiſe precipitated to the 
bottom of the liquor, in the form of regular ſcales. The 
ſmell of this fluid, which is very penetrating, excites cough 
ing: the vapours are not viſible without contact of air, and 
ſeem to conſiſt of a peculiar gas, decompoſable by air, which 
in that caſe depoſits the ©xyd of tin, in the fame manner as 
the fluoric acid gas depoſits filiceous earth by the contact 
of water, and as the ſulphurated hydrogen gas depoſits ſul- 
phur by the contact of air. May not this elaſtic fluid be a 
combination of the oxygenated muriatic /acid Sas and oxyd 
of tin? 

Water does not ſenſibly precipitate the fuming liquor of Liba- 
viur, but ſeems to effect a decompoſition which has not yet 
been examined. When this liquor, newly prepared, is poured 
into diſtilled water, it occaſions a light noiſe, reſembling that 
of ſulphuric acid, during its union with the ſame fluid. It 


appears to ſeparate a great number of {mall tranſpareut parti- 
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cles, of an irregular figure, which do not ſeem to have any 
affinity with water. On a cloſer attention to the mixture, each 
of theſe particles is obſerved to emit a bubble, which break; 
at the ſurface of the water, and emits a vapour, which become 
white by the contact of air. On agitating the water, theſe par. 
ticles are very quickly diſſolved, and the ſolution no longer 
emits vapours. Macquer affirms, that when the fuming li. 
quor 1s diluted with a large quantity of water, it precipitate; 
the oxyd of tin in ſmall white flocks, The gas of the fuming 
liquor is not very elaſtic, as it never cauſes the ſtopper of the 
bottle in which it is cloſed to fly out, as happens occaſionally 
to the nitric and muriatic acids, ammoniac, ether, &c. Adet, 
who read a memoir to the Academy upon the fuming liquor of 
Libauius, has ſhown, (1.) That the efferveſcence, which takes 
place as often as it is mixed with water, depends on the diſen 
gagement of an elaſtic fluid, which poſſeſſes all the properties 
of azotic gas: (2.) That the fuming liquor, combined with 
water, in the proportion of 7 to 22, forms a ſolid body, which 
melts by the action of heat, congeals by cold, and reſembles the 
oxygenated muriat of tin, or butter of tin : (3.) That the fum- 
ing liquor, diluted with water, diſſolves tin without the diſen, 
gagement of hydrogen gas, and affords a ſalt ſimilar to that 
which is obtained by the direct combination of the muriatic 
acid and tin, He concludes, from his various experiments, 
that the fuming liquor is nothing elſe but a compound of the 
muriatic acid in the aeriform ſtate, and the oxyd of tin in which 
oxygen predominates ; and that this ſalt is the ſame, with te. 
ſpe& to the common muriat of tin, as the oxygenated muriat 
of mercury is to the muriat of mercury, or mercurius dulcis ), 
The reſidue of the diſtillation of the fuming liquor of Libaviu, 
exhibits phenomena equally intereſting with thoſe of the li- 
quor itſelf. The upper part and the neck of the retort are 
covered with a light, white, and greyiſh cruſt, which, according 
to the experiments of Rouelle the younger, contains a ſmall 
quantity of the fuming liquor, congrete muriat of tin, or cot- 
neous tin, mercurial muriat, and running mercury: the bot- 
tom of the veſſel contains an amalgam of mercury and tin, 
above which is a corneous tin of a light grey, ſolid and compact, 
which may be volatilized by a ſtronger heat, If this ſubſtance 


2 


TIN. 365 


be put into a retort, it melts, and is ſeparated into two diſtin & 
ſubſtances, the one black, and lying beneath the other, which 
i; white, and reſembles corneous tin, Rouelle appears to ſuſ. 
pect that theſe two ſubſtances, which differ from each other, 
and do not mix, ariſe from the tin being alloyed with ſome 
other metal; the more the tin 1s alloyed, the ſmaller the quan- 
tity of fuming liquor it affords, according to this ſkilful chemiſt. 
Solid muriat of tin attracts the moiſture of the air, and is ea- 
fly ſoluble in water, which diſtinguiſhes it from corneous lead. 
Baumé has publiſhed a theory reſpecting the combination of 
tin with the muriatic acid, which nearly reſembles that of 
Scheele and Bergman, concerning that which they have called 
the dephlogiſticated marine acid. He thinks that this acid loſes its 
pbligiffon in the operation, as thoſe chemiſts ſuppoſed iKewiſe 
to happen in the diſtillation with oxyd of manganeſe. He ſuf. - 
pets that this acid would be obtained perfectly pure, by diſtil- 
ling the fuming liquor of Libavius, Whence it appears that he 
regards the common muriatic acid as ſurcharged with phlogiften. 
Baume has, therefore, from this obſervation, the precedence in 
point of time over Scheele for the diſeovery of the two ſtates 
of the muriatic acid; but he has not deſcribed the fingular 
properties of this oxygenated acid, as the celebrated Swediſh 
chemiſt has done, 

The uſes of tin are very numerous, It is applied to many 
purpoſes in the arts, in forming many veſſels, organ pipes, de- 
corations, &c. Its amalgam is applied to filver looking-glaſles. 
Copperſmiths pour a mixture of tin and lead on copper veſſels, 
in the operation called tinning. Bell metal, and bronze for 
ſtatues, are compounds of this metal, with copper. The pew- 
terers mix tin with biſmuth, antimony, lead and copper, to 
make utenſils of all ſorts, which are very ſubje& to change by 
expoſure to air. Putty tin is uſed in poliſhing many hard bo- 
dies. Tin is melted with oxyd of lead and ſand, to make ena- 
mel, as well as to glaze pottery, &c. The cryſtallized muriat 
of tin is uſeful in the art of calicoe printing. Its ſolution in 
aqua regia, or nitro-muriatic acid, heightens the tincture of co- 
chineal, of gum lac, &c. ſo as to convert it into the moſt lively 
fre colour. The dyers make uſe of this ſolution, which they 
eall compoſition, to make ſcarlet, When it is mixed in the 
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dyers bath, it forms a preeipitate, which carries down the co- 
touring matter, and depoſits it on the ſtuff which is to be 
dyed. . This obſervation is due to Macquer, whoſe labour 
have greatly improved this art. 

The uſe of tin in culinary operations has been eſtecmel 
very dangerous by ſome chemiſts. Navier, in his treatiſe on 
Counter Poiſons, &c. affirms, that ragouts, in which tin ſpoons 
have been left, as well as ſugar contained in a veſſel of thi; 
metal, have poiſoned many perſons, Theſe unhappy effect; 
have been almoſt generally attributed to the arſenic which 
Geoffroy, in the year 1738, affirmed to exiſt ia tin, and which 
Margraaf imagined he had found in the pureſt tin, even in: 
very conſiderable proportion. 

But the fears which have been excited on this ſubjec are 
diſſipated by the experiments of Bayen and Charlard, whon 
we have had already occaſion to quote, in the hiſtory of thi: 
metal. Theſe chemiſts proved, by the moſt deciſive expe. 
ments, 1. That the quantity of arſenic, extracted by Margra, 
from the tin of Morlaix, and which is near thirty: ſix grain: 
per half ounce, would be much more than ſufficient to deprix: 
this metal of all the ſoftneſs and flexibility. it is known to pol. 
ſeſs, and would render it as brittle as zink. 2. That the tis 
of Banca, and of Malacca, does not contain an atom of this 
dangerous ſemi-metal, 3. That Engliſh tin, in large blocks, 
affords, by the action of muriatic acid, a ſmall quantity oi 
blackiſh powder, often mixed with copper and arſenic, in which 
the latter never exceeds three quarters of a grain in the ounce 
of tin, and is often leſs than that quantity. 4. That the mis. 
ture made by the pewterers, of the Engliſh block tin, with 
the pure tin of Malacca, or Banca, diminiſhes this doſe {ill 
more. 5. That arſenic, united with tin, loſes a part of id 
properties, and its corroſive action. 6. Laſtly, That the ſmall 
quantity of tin thus alloyed, which may enter into food by the 
daily uſe of veſſels made of this metal, is not ſufficient to pro- 
duce any effect on the animal economy, ſince, according to 2 


calculation made on the loſs a tin plate ſuffered during tue 


years wear, the quantity ſwallowed at moſt does not amount 
to three grains in the month, and conſequently the 5760th pat 
of a grain of arſenic per day, ſuppoſing that tin wrought # 
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paris contained as much of this poiſonous ſemi-metal as the 
plate or diſh made in London, on which Bayen made his expe- 
riments. 

We will here obſerve, that the diſagreement between the 
pariſian chemiſts and Margraaf, may ariſe from the latter hav- 


tin uſed in France, which comes from the Eaſt Indies and from 
England. | 

We may alſo obſerve, that many phyſicians, who have di- 
rected their attention to metallic ſubſtances, conſidered as me- 
dicines, have already acknowledged the innocence of this me- 
tal, and have even adviſed its filings to be taken in ſubſtance in 
diſorders of the liver, of the matrix, and for worms. Schulz, 
in his diſſertation on the uſe of Metallic Veſſels, in the prepara» 
tion of food and medicines, recommends pure tin as very 
wholeſome. La Poterie preſcribes oxyd of tin as one of the 
component parts of a preparation called antihectic, which con- 
lis of oxyds of antimony and tin, formed by detonation with 
titre ; the alkali, which the water diſſolves, always retains a 
portion of the metallic oxyd. 

Tin is recommended as a vermifuge. I have been informed 
that it has been employed in large doſes at Edinburgh without 
elfect. Some country people are in the habit of infuſing ſweet 
wine for four hours in the cold, in a tin veſſel, and giving a 
glaſs of this liquor to their children who are troubled with 
worms. Navier was a witneſs to a girl of fixteen or ſeventeen 
years old, who voided downwards thirty of the worms called 
eres, with plentiful ſtools, ſome hours after having taken 2 
liquid of this kind; the medicine therefore acts as a violent 
purgative. 
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a T. ſpecific gravity of tin, according to Bergman, is, es 

b It melts at a heat of about 4205. 

c The quantity of oxygen in the oxyds of tin, from ſohution- in the nitric acl, 
differs according to the ſtate of the acid, the proportion of the tin, and the de. 
gree of temperature in which the ſolution is made. Prouſt affirms, that the 
oxyd obtained in a low temperature, and in a diluted acid, contains only 30 per 
cent of oxygen, while that from concentrated acid with-heat contains no let 
than 40 per cent. of that ſubſtance. The former decompoſes the Oxypenated 
muriat of mercury, and is inſoluble in muriatic acid; not ſo the latter, See 4m! 
de Chem; Tom. XX VIII p 218. 

d Prouſt, however, affirms, that if this gas be bated. under a glaſs veſſel, th: 
arſenic will be depoſited on its ſides. Tom. XXIV. p. 127. 

e Pelletier prepared the muriat of tin, by introducing into a matraſs four par 
of concentrated muriatic acid with one of tin cut into very ſmall pieces, 'S: 

matraſs was placed on a ſand bath, and the tin wholly diſſolved by the afliae 
of a boiling heat. 

When oxygenated muriatic acid gas is introduced into this ſolution, the gus 8 
abſorbed, caloric evolved, and an oxygenated muriat of tin formed, which may 
be obtained in a cryſtalline form by evaporating the ſolution. 

When nitric acid is added to a ſolution of muriat of tin, an immediate dila- 
gagement of nitrous gas takes place, and the muriat is changed into the oryge⸗ 
nated muriat. 

Muriat of tin has no action on ſulphuric, but it decompoſes the ſulphureow 
acid, by taking from it the oxygen which it contains. The diſengaged ſulphur 

attraQs to itſelf a portion of the oxyd of tin, which quits the acid, and forms 
with the ſulphur a yellow ſulphurated oxyd. > 

The arſenic acid and its oxyd yield their oxygen to muriat of tin, and are by 
this reduced to the metallic ſtate, Muriat of tin produces the ſame effects on the 
molybdic and tungſtic acids. 

If red oxyd of mercury be added to a ſolution of muriat of tin, it is immediate- 
ly decompoſed, and the mercury appears at the bottom of the veſſel in the ſtate of 
fluid mercury. 

The addition of oxyd of manganeſe to this ſolution occaſions an evolution of ca- 
loric and the production of the oxygenated muriat. Similar effects are produced 
by the oxyds of antimony, zink, and filver. 

If oxygenated muriat of potaſh be added to a ſolution of muriat of tin, the mit- 
ture becomes warm, affumes a greeniſh yellow colour, and oxygenated muriatic 
acid gas is diſengaged. 

Oxygen unites directly with the ſolution of muriat of tin, and forms with it the 
oxygenated muriat. Pelletier confined about fix cubic inches of oxygen gas in 3 
proper apparatus over muriat of tin, and found that in leſs than twenty hours the 
whole of the ozygen gas had been abſorbed, Ann. de Chem, Tom, XII. p. 225. 
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the properties of which are but little known. | 

The boracic acid diſſolves tin by boiling in water, and ſhoots with it into ſmall 
regular granular cryſtals. In the fire this ſalt melts into an opake grey flag. | 

Phoſphoric acid combines by the afſiſtance of heat with tin, and forms with it a 
al: difficultly ſoluble in water. Phoſphat of tin is eaſily changed into a glaſs-like 
ſubſtance in the fire. Phoſphoric acid precipitates tin from its ſolution in aqua re- 
gia; but the affinity of this compared with the other acids is not known. 

Pure tartaric acid has no perceptible action on tin; but a ſolution of tartarit of 
potaſh boiled with water and tin diſſolves a conſiderable quantity of this metal, 
and forms with it an eaſily ſoluble, permanent, needle-ſhaped ſalt. | 

Tin diſſolved by heat in oxalic acid at firſt becomes black, and is afterwards co- 
vered with a grey powder. An elaſtic fluid is diſengaged, which does not appear 
to have been examined. The ſolution has an auſtere taſte, and affords by evapo- 

ration, priſmatic cryſtals, By.quick evaporation a horny-like maſs is formed, which 
gives 3 copious precipitate with alkalis. Oxyd of tin diſſolves eaſily in oxalic acid. 
The oxalat of tin has always an exceſs of acid, and is difficultly ſoluble in water. 

Acetic acid diſſolves tin only in a ſmall quantity. The ſolution, which has a 
netallic taſte, ſoon becomes muddy, and depoſits a white oxyd. This combina. 
tion does not cryſtallize. The oxyd of tin diffolves readily in acetic acid. If ſpi- 
rit of wine be added to this ſolution after it has been evaporated to the confiſtence 
of a ſyrup, cryſtals of acetat of tin are obtained, which are hard, heavy, white, 
tranſparent, and taſteleſs, — .- 9% 
nitric acids, and by fire. 

The citrat and malat of tin are unknown, 

The benzoic acid, according to Trommſdorff, As direQiy neither on tin nor its 
— ———̃— 1 On re rot rey 
vich the tin a ſalt difficultly ſoluble even in boiling water. 

Pruſhat of potaſh precipitates tin white from its ſolution in muriatic acid. The 
precipitate by the gallic acid is of a white grey colour. See Gren's W 
Zus. 

$ Many curious facts adpeſting the rmmnien end yoojentes if tis rains 
tion are detailed by Pelletier in a memoir inſerted in the 13th volume of the An- 
ale de Chemie, The proportion of the ſulphur in the combination defcribed by 
Fourcroy does not exceed 20 per cent.; but by a particular management, and by 
the uſe of different intermedia, the ſulphur may be combined in a much 
— — CONES 
of Aurum Moſaicum, or mufive gold. 

for the preparation of this ſubſtance, Woulff had recommended the following 
proceſs: Twelve parts of tin are to be melted in a crucible by a brifk- fire, and 
three parts of mercury added to it; this maſs is to be reduced to a powder in a 
lues mortar ; it is then to bs intimately mixed by rubbing it with ſeven parts of 
uphur, and three of muriat of ammoniac. The mixture which theſe form is to 
be introduced into a glaſs matraſs, of which it fills nearly one half, and the matraſs 
Paced in a ſand bath, and expoſed to a ſtrong fire ſo long as any white yapours 
continue to be diſengaged. On removing the mixture from the heat, wwſive gold 
vill now be found at the bottom of the matraſs; but if the heat be continued or 
creaſed, the anf gold will loſe its colour, and be converted into an n 
fuphure of tin. See Phil. Tranſ. Vol. LXI. p. 114 


Avariation a e 


8 the reſults, Pelletier obtained a very beautiful ayfve gold by diſtilling together 
Fel. II. A a 
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equal parts of mercury, muriat of ammoniac, tin, and fulphur. The explanatito 


370 NOTES ON TIN. 


which this chemiſt gives of the different changes which occur in this complicated pro- 
ceſs is ſo extremely happy, that I think I cannot do better than place the whole 9 
it mmediately under the eye of the reader. The previous rubbing with the mer. 
cury helps to oxydate the tin. A diſengagement of hydrogen gas is produced 
by the re- action of the muriat of ammoniac on the tin. The oxyd of tin which i; 
formed decompoſes the muriat of ammoniac, and the diſengaged ammoniac unit. 
ing with the ſulphur, paſſes over into the receiver in the form of an ammoniaca] ſul. 
phure. The muriatic acid unites with the oxyd of tin, and forms with it muria: 
of tin, a very ſmall portion of which paſſes over in diſtillation; the other portion 
is afterwards decompoſed by the action of the fire, while the oxyd of tin which 
remains unites with the ſulphur to form the mu gold. The muriatic acid, which 
is volatilized, meeting with the ammoniac, combines with it, and reproduces my. 
riat of ammoniac. In this proceſs there is a portion of tin which has been ſimply 
oxydated; and which in this ſtate unites with the ſulphur to form muſive gull 
There is alſo-a portion of muriat of ammoniac which eſcapes decompoſition, and 
which of courſe is ſublimed. The mercury combines with the ſulphur, and forms 
with it the ſulphure of mercury, which paſſes over during diſtillation. A ſmall 
portion of mu/ive gold, in beautiful plates, is ſometimes found in the upper part of 
the veſſcſin which the ſublimation is performed. The muriat of ammoniac, in 
being volatilized, carries along with it a ſmall portion of the oxyd of tin; and it 
is this portion of oxyd which in the moment of volatilization unites to the ſulphur 
it meets with in a ſtate of vapour, and forms with it the muſive gold that is attach- 
ed to the upper part of the veſſel. It is very neceſſary in this proceſs to be cav- 
tious in the management of the fire, for if this be raiſed too high, ſulphureous acid 
gas will pals over towards the end of the operation, and, inſtead of ue gell, i 
black coloured metallic ſubſtance, or common ſulphure of tin, will be obtained." 
The different parts of this explanation will be fully * by the following 
n 

Six hundred grains of ſulphur being added to a ſolution of 600 grains of tin in 
4 ounces of muriatic acid, and evaporated by a gentle heat, a concrete ſubſtance 
was obtained. During the evaporation, copious vapours of muriatic acid were di- 
engaged. This concrete ſubſtance being reduced to a powder, was put into a tr. 
tort, and expoſed to a ſtrong heat. Concrete muriat of tin, and afterwards a little 
ſulphur, were ſublimed into the neck of the retort. The reſidue was muſve gull 
of a beautiful colour, 

A mixture of equal parts of tin filings, ſulphur, and muriat of ammoniac, af. 
ford by diſtillation a ſulphure of ammoniac, ſulphurated hydrogen gas, a lite 
ſulphur, and muriat of ammoniac. In this proceſs, the muriat of ammoniac i 
decompoſed by the tin, and the diſengaged ammoniac unites with the ſulphur, 
and forms the ſulphure of ammoniac. The muriatic acid unites with the tin, and 
diſengages the hydrogen gas, which, in being volatilized, carries along with it 3 
{mall portion of ſulphur, and forms with it the ſulphurated hydrogen gas: Tit 
muriat of tin is afterwards decompoſed by the fire: the diſengaged acid finding 
again the ammoniac, reproduces the muriat of ammoniac, while the oxyd of tit 
remaining fixed, unites with the ſulphur to form muſive gold. . 

The frequent failure which artiſts experience in the proceſs for making f 


| 24's, appearing to Pelletier to depend on the too great degree of heat which thef 


employ, he was induced to try the following experiment : 
Sulphur was added in different portions to 100 ounces of melted tin, till the tit 
appeared to be ſaturated with it. By each addition, «the metal ſeemed to becom 
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lefs ſuſible. When cooled, the maſs weighed 116 ounces and a half, Equal parts 
of this maſs reduced to powder, and muriat of ammoniac, were diſtilled together 
in a heated retort. A ſmall portion of ammoyiac was diſengaged, ſome drops of 

hure of ammoniac came over, and laſtly, muriat of ammoniac was ſublimed 
into the neck of the retort. The colin meas a black wideſcent maſs, e 
ſome ſpecies of pyrites. 

Te the ingredients of the * mixture, an equal portion of ſulphur was 
added, and the whole ſubjected to diſtillation. The products were, ſulphurated 
hydrogen gas, ſulphat of ammoniac, a little ſulphur, and muriat of ammoniac 
having a yellow colour, The reſidue was mu/wve gold. In this experiment, the 
ammoniac diſengaged from the muriatic acid finds a portion of uncombined ſulphur 
with which it unites, and forms the ſulphyre of ammoniac. The oxyd and 
muriat of tin which are formed alſo uncombined, find was * the oxyd of 
tin is — ſully ſaturated with ſulphur. 

Three ounces of ſulphure of tin were diſtilled with three ounces of the oxygen- 
ated muriat of mercury. White vapours were diſengaged, muriat of tin was ſub- 
limed into the neck of the retort, and fluid mercury paſſed over into the re- 
ceiver. The reſidue, a very beautiful muſe gold, weighed 2, ounces and a half. 
Muriat of tin, in this proceſs, was volatilized, becauſe the quantity of ſulphur con- 
tained in the ſulphure of tin was not ſufficient to ſaturate the whole of the oxyd 
which had been produced, Perhaps, by diminiſhing the quantity of oxygenated 
muriat of mercury, or by adding a little more of the ſulphur, it may be poſſible 
to prevent altogether the loſs which ariſes from the volatilization of the muriat 
of tin. 

A mixture of equal parts of ſulphure of tin and red oxyd of mercury, by the 
nitric acid, were diſtilled together. Fluid mercury came over into the receiver, 
and the reſidue conſiſted of a mixture of muſive geld and undecompoſed ſulphure 
of tin. 

Six hundred grains of ſulphure of tin were diſtilled with 600 grains of cinna- 
bar, or the ſulphurated oxyd of mercury, Fluid mercury paſſed over into the 
receiver; the reſidue in the retort was muſeve gold, In this proceſs, the oxygen 
of the mercury united with the tin to form the oxyd of tin, while this retained 
not only the ſulphur with which it was formerly combined, but alſo that which 
had been imparted to it by the ſulphure of mercury, But as ſulphure of mercury 
contains 20 per cent. of ſulphur, and ſulphure of tin from 15 to 20, muſive geld 
muſt neceſſarily contain from 35 to 40 per cent. of that ſubſtance. 1 

Equal parts of ſulphur and oxyd of tin, precipitated from its ſolution in muri - 
atic acid, were diſtilled together, Sulphureous acid gas was diſengaged, and 
lome ſulphur ſublimed into the neck of the retort. The rèſidue was muſrve gold. 

Similar productions were obtained with an oxyd of tin from the nitric acid. 

Sulphat of ammoniac was added to a ſolution of tin in muriatic acid. A red- 
Gf precipitate was formed, which aſſumed a black colour by drying it. Diſtil- 
ed in a gentle heat, this precipitate gave out a little ammoniac; the refidue was 
muſrve gold. In this proceſs, the muriatic acid quits the oxyd of tin, to unite with 
the ammoniac acid, and the oxyd of tin, in its turn, ſeizes on the ſalphur it finds 
in a tate of perfect. diviſion, to form muſive gold, This laſt requires only to be 
heated, in order to exhibit its peculiar colour. It is to be obſcrved, that in this 
inſtance the mußte gold ſeems to have been formed in the humid way. 

A ſolution of tin in the muriatic acid was precipitated by a ſolution of ſulphure 
of potalh, The precipitate was of a dark colour, approaching to yellow. By di- 
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Rillation, fulphureous acid was diſengaged, and a little ſulphur ſublimed into the 
neck of the retort ; the reſidue was muſive gold. This, therefore, may be cong. 
dered as another inſtance of the formation of this ſubſtance in the humid way, 

Myfrve gold was ſubjected to diſtillation in a ſtrong heat ; « conſiderable 

tity of fulphureous acid gas was diſengaged, and ſome ſulphur ſublimed into the 
neck of the retort; the reſidue was a black ſhining metallie maſs. It ſeem al. 
moſt ſuperfluous to remark, that the ſalphureous acid gas muſt have been formeg 
by the combination of a portion of the ſulphur with the oxygen of the oxyd of 
tin. The change which takes place in this experiment, in the order of the ul. 
finities, is to be agftibuted in this, as in many other inſtances, to a difference i 
the degree of temperature, 
Two hundred grains of charcoal in powder, with 660 of n were in. 
troduced into a retort, and placed in a reverberatory furnace, and the neck of the 
retort connected with « chemico-pneumatic apparatus. By keeping the mixture 
in a red heat for three hours, about roo cubic inches of an elaſtic fluid were dic. 
engaged. The firſt portien of this gas which paſſed over, feemed to be carbonic 
acid, containing about x-1coth of ſulphurated hydrogen. This gas had alfo vw. 
latilized, and held as it were in folution, a large quantity of ſulphur, which wn; 
afterwards depoſited on the ſurface of the water, by which the gas was abſorbed. 
The gas diſengaged towards the end of the proceſs contained a greater quantity 
of ſulphurated hydrogen, till at laſt bybbles of pure hydrogen gas were evoly. 
ed, The reſidue was a ſulphure of tin divided by charcoal. 

Six hundred grains of mufive gold were digeſted for ſome hours in muriatie acid 
but the colour remained unchanged, After being filtered and dried, it 
ſtill 580 grains, The 20 grains that diſappeared were probably a fulphure which 
had been mixed with the muſive gold; for when this ſubſtance was digeſted a (+ 
cond time with murlatic acid, no loſs of weight could be pereeived. 

From theſe experiments it appears clearly, that tin, whether in its native ſtate 
or amalgamated with mercury, or combined with falphur, is uniformly oxydated 
during the production of mu/eve gots. 

h Adet obſerved, that the fuming muriat of tin, when diluted with water, wa 
capable of diffotving a freſh portion of tin; and that, during the ſolution of thi 
portion, no diſengagement of hydrogen gas was produced. It was the obſerva 
tion of, this fact that led Adet to conclude, that muriatic acid, in the fuming mu 
riat of tin, exiſted in the ftate of oxygenated murigtic acid. Amal. d Chem. 
Tom. I, p. 5. 
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CHAPTER XVII. 


CONCERNING LEAD. 


— 1 * 
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Lias is an imperfe& metal, of a dull white, inclining to blue · - 
The alchemifts give it the name of Saturn, becauſe it abſorbs 
and devours, as it were, all the imperfect metals in its ſcorifl« 
cation, as will be ſhown in the ſequel. It is the leaſt ductile, 
the leaſt elaſtic, and the leaſt ſonorous of all the metals ; it may 
be reduced into thin plates under the hammer, and does not 
harden by beating. No metallic ſubſtance has leſs tenacity. 
A wire of lead of one tenth of an inch in diameter, ſup- 
ports no more than twenty-nine pounds and a quarter, with. 
out breaking. It is the third metallic ſubſtance in the order of 
weight; a cubic foot of lead weighs 828 pounds, and it loſes 
in water between the eleventh and twelfth of its weight. It 
is very ſoft, and eafily cut with a knife; has a peculiar and 
remarkable ſmell, which becomes ſtronger by friction. Its 
taſte is ſcarcely ſenſible in the mouth, but its effect is very | 
manifeſt in the ſtomach and inteſtines, whoſe nerves it irri- j 
tates, producing pain, convulſions, ſtupor, and palſy. It is ſuſ- 9 [ 
ceptible of a regular form : the Abbe Mongez obtained qua- [ 
drangular pyramids, lying on their fides, ſo that of the four j 
faces one always is much the largeſt. Each pyramid is com- | 
poſed as it were of layers, or zones of other ſmall pyramids, | 
commonly terminating in one ſingle acute pyramid, 

Lead is rarely found native; Wallerius aud Linneus admit | 
ts exiſtence in this ſtate, but it is denied by Cronſtedt, Juſti, | 
Monnet, &c. It is moſt commonly in the ſtate of an oxyd, of | 
2 neutral ſalt, or in that of an ore, united with ſulphur, and 
forming galena. The lead mines are commonly at conſiderable | | 
depths in the earth, and are fituated both in mountains and in | | 


plains, Naturaliſts have diſtinguiſhed a great number of ores | 
of lead; the moſt eſſential to be known are the following: 

1. Native oxyd of lead. The /pathye ores of lead muſt not 4 
be confounded with this oxyd, which contains the oarbonic | 
acid. Tt does not efferveſce with the nitrous acid, and is com- 
monly in white grey ponderous ſolid maſſes, or mixed with 
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clay, ſand, and chalk. The colour of the clay accordingly, a; 
it is more or leſs ferruginous, conſtitutes native maſſicet and 
minium, or the yellow and red oxyds. The native ceruſe of 
lead is often found on the ſurface of galenas. 

2. The carbonat lead, or the combination of the oxyd of 
lead with the carbonic acid: This varies greatly in colour; it 
is white, black, brown, yellow, or green, according to the flat 
of the iron which alters it. It is in general called Harry lil 
ore, becauſe it has the texture and cryſtallization of certain 
ſpars ; it efferveſces with the nitric acid, which diſengages the 
carbonic. The tollowing varieties of this ſpecies are diſtin. 


guiſhed: 


Varieties. 

A. White ſpatheſe lead ore, This is a carbonat of lead, flowly 
depoſited by water in a cryſtallized form; it has ſome. 
times a ſemi-tranſparency like ſpar ; its cryſtals are uſu. 
ally hexahedral priſms, truncated, or in cylindrical ſtri- 
ated columns, which appear to be compoſed of a great 
number of threads, or in ſmall fine needles. It is ſome. 
times found of a brilliant white, like the fi/ky gypſum. 

Other ſpecimens are of a yellowiſh white. Some of the 
priſms are often fiſtulous. The white ſpathoſe lead ore 
| abounds in Lower Britany, in the mines of Huelgoet 
and Poullaouen. Sage affirmed that the white lead ore 
is mineralized by the muriatic acid. Laborie aſſerted 
that it was a pure oxyd of lead, united to fixed air, or 
carbonic acid, and cryſtallized by water, The Academy 
of Sciences having cauſed the experiments of theſe two 
chemiſts to be repeated, adopted the opinion of Laborie; 
and Macquer has related the tranſaction in his Diction- 
ary, at the article Ores of Lead. The ſpathoſe lead ore 
is ſometimes found in the ſame places as the galena, and 
ſeems to be a decompoſition of that ore which has loſt its 
ſulphur, and whoſe lead is in an oxydated ſtate ; for it 
is not rare to find galenas, which are paſſing to the ſtate 
of white lead, as Rome de Lille has well obſerved. 

B. Some naturaliſts have admitted a black ore of lead. It is 
white lead altered by a ſulphureous vapour, and by that 
means is revived. It may be conſidered as a middle ſpe- 
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ties, between white lead and galena, and 1s cryſtallized 
in ſtraight regular hexahedral priſms. 

C. The green ſpathoſe lead. This mineral is of a green, 
more or leſs tranſparent ; often yellowiſh, always mixed 
with ochre and iron clay. It is ſometimes without any 
regular form, and reſembles a kind of moſs. Such are 
moſt of the ſpecimens from the mines of Hofsgrund, near 
Freyberg in. Briſgaw. Green lead ore is commonly 

ized in ſtraight and regular hexahedral priſms, 

terminated by hexahedral pyramids, either entire or 

. truncated near their baſe. It is found in great plenty at 

St. Marie-aux-Mines, and at Tſchoppau in Saxony. It 

is proved that it owes its green colour to the mixture of 
iron, fince it is always found in mines of that metal. 

D. Spathoſe lead ore of the colour of peach bloſſoms. Mon- 
gez found this variety cryſtallized like white ſpathoſe 
lead, in the mines of Huelgoet. 

E. Yellow ſpathoſe lead ore. This variety, cryſtallized in 
hexahedral tranſparent laminæ, has not been known till 
within a few years. The laminæ are from half a line, 

to four or five lines in diameter ; they reſemble glaſs of 

3- Monnet has diſcovered lead combined with the ſulphuric 
acid, It is commonly in the form of a white maſs, ſoluble in 
eighteen parts of water. Sometimes it 1s blackiſh, cryſtallized 
in very ſtrong ſtriæ, or in friable ſtalactites: this, laſt variety 
effloreſces in the air, and becomes converted into a true ſul- 
phat of lead. On account of this effloreſcence it is that Mon- 
net calls it pyritous ore of lead. Dr. Withering affirms, that 
there exiſts in the Iſle of Angleſea a large quantity of lead and 
iron mineralized together by the ſulphuric acid. 

4. Lead appears to be combined with the arſenic acid in the 
red lead ore o of Siberia, of which Mr, Lehman firſt gave a de- 
ſcription in the year 1766. This ore is of a very beautiful 
red, and its powder 1 carmine; it is often eryſtallized 
in oblique rhomboidal priſms. Mongez, who thinks that arſe- 
nic exiſts in its acid Rate, in all the red ores of lead, has diſco- 
vered another ore of a greeniſh yellow from Siberia, and con- 
taining arſenic like the following. 

5. Gahn diſcovered the phoſphoric acid in a greeniſh lead 
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ore. There is likewiſe a yellow and reddiſh ore of this kind, 


If this be diſſolved in nitric acid, and the oxyd of lead precipi. 


tated by the ſulphuric acid, the phoſphoric acid may be ob. 
tained by evaporation of the ſupernatant liquor. Metherie ang 
Tennant have confirmed the analyſis of Gahn by experiment; 
made at Paris, De Laumont has given, a memoir upon the 
native phoſphoric ſalt of lead, which is very abundant in Bri. 
tany. | | . 

6. Lead is moſt commonly found combined with ſulphur. 
This ore is named galens ; it is likewiſe called alquifoux iu 
commerce. This ſulphure of lead is compoſed in general of 
lamine, which have nearly the colour and aſpect of lead, but 
it is more brilliant, and very brittle. A great number of ya. 
rieties of galena have been diſcovered, viz. 

Varieties. ; 

A. Cubic galena. Its cubes, which are of various ſizes, art 
found either ſingle or in groups. It is alſo found in re- 
gular octahedrons. There is a variety of it which Hauy 
calls an actahedral cube ; its ſurface is compoſed of fix 
ſquares and eight equilateral triangles. Some minerals. 
giſts have deſcribed it as a tube truncated at the angles. 

B. Galena in maſſes. 'This has no regular configuration; it 
is very common at St. Marie. 

C. Galena with large facets. It does not ſeem to compoſe 
regular cryſtals; but it is entirely formed of large la- 
min. 

D. Galena with ſmall facets. This appears to be formed like 
the mica, of ſmall white and very brilliant ſcales ; it i 
called white filver ore, becauſe it contains a conſiderable 
quantity of that metal. Ihe ores of the mines of Pom- 
pean in Britany is of this kind. 


E. Small grained galena; ſo called becauſe it has a very cloſe 


grain. It is likewiſe very rich in filver, and is found 
with the foregoing ore. - Galenas in general contain fil- 
ver; none are known to be without it except that of Ca- 
rinthia; but it has been obſerved that thoſe galenas af. 
ford the moſt whoſe facets or grains are the ſmalleſt, It 
ſeems as if filyer, being in ſome meaſure a foreign ſub- 
| ſtance in the combination of galena, prevented the regu- 
lar cryſtallization of that ore. 


p. Galena cryſtallized like ſpathoſe lead in hexagonal priſms, 
or cylindrical columns; it is found as well as the fore. 
going in the mines of Huelgoet in Lower Britany, It 


contains little filver, and ſeems to be merely ſpathoſe 


lead mineralized, without having loſt its form, Cry. 
ſtals of pure ſpathoſe lead, entirely covered with a very 
fine galena, are ſometimes found in the ſame piece, to- 
gether with others which are abſolately changed into 
galena throughout. Rome de Liſle poſſeſſes many ſpeci- 
mens of this kind. I have in my collection a ſpecimen 
of white lead ore, the baſe of whoſe priſms is abſolutely 

in the ſtate of galena ; which proves the change we are 
ſpeaking of. 

Galena is often found placed between two layers of blackiſh 
ochreous quartz, which contain much filver, though the 
metal is not apparent. Dolomieu, the author of this ob- 
ſervation, apprehends that lead was originally mixed 
with the ſilver; but that the water having carried off 
the imperfe& metal, left the fine metal in the gangue. 
Monnet has diſcovered, that many galenas effloreſce like 
pyrites. He affirms, that by waſhing one of theſe, whoſe 
ſurface was become white and effloreſcent, he obtained 2 
true ſulphat of lead. 

J. Lead is ſometimes naturally united with ſulphur, anti- 


mony, and ſilver. This ore, which is called antimoniated ga- 


na, is of a needled or ſtriated ſtructure like antimony. The 
ſemi-metal is known by the white flowers which riſe during 
calcination, It is found at Salberg and at St, Marie-aux- 
Mines. 

$. There is another kind of galena, in which the lead is 
united to ſulphur, ſilver, and iron. This martial galena is 
harder, and more ſolid than the foregoing. It affords a yellow 
lead during its ſcorification. - 

9. Laſtly, In the ſtate of an oxyd lead is often found, toge- 
ther with galena, in ſandy or calcareous earths and ſtones, 

As almoſt all the ores of lead, and eſpecially the galenas, 
contain a conſiderable quantity of filver, it is proper to make a 
careful aſſay of their contents. For this purpoſe, after having 


pounded and waſhed a certain quantity of the mixed ore, it is 
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roaſted in a covered veſlel to prevent decrepitation. The g. 
lena does not loſe much by the roaſting. After it has 4 
this operation, it is weighed, and melted with three times its 
weight of black flux, and a ſmall quantity of decrepitated ma. 
rine ſalt. The fixed alkali of the black flux abſorbs the 1. 
phur united to the lead; the coal of the tartar, which is 2 
part of the ſame flux, Terves to reduce a portion of the metal 
which is in the ſtate of an oxyd; and the marine ſalt oppoſe; 
the evaporation of part of the matter contained in the crucible, 
After the fuſion a button of lead is obtained, which is to he 
carefully weighed, and then oxydated or vitrified, to ſeparate 
the lead from the filver it contains. But this aflay cannot be 
greatly depended on, becauſe the alkali, which is uſed as ; 
flux, forms with the ſulphur of the galena a ſulphure, or lv 
_ of ſulphur, which diflolves a portion of the lead. And it muſt 
alſo be confidered, that, in the large way, a reducing flux, ſo 
expenſive as the black flux, cannot be uſed. It is therefore 
more adviſeable to endeavour to melt the ore among the char. 
coal, in a reverberatory furnace, or alone, with the addition d 
ſome cheap matter, to abſorb the W ſuch as a ſmall 
quantity of iron and glaſs gall. 

Bergman propoſes to aſſay lead ores by the nitric acid. This 
acid diſſolves lead and oxydates iron, but does not affect (ul. 
phur. The ſolution is precipitated by carbonat of ſoda, aud 
132 grains of precipitate repreſent 100 grains of lead in its 
metallic ſtate. If theſe ores contain filver, the oxyd of thi 
metal is ſeparated by the ammoniac, which diſſolves it. 

At Pompean, the lead ore which contains ſilver is heaped 
up, . waſhed with great care on tables, and carried to the ful. 
nace, where it is firſt roaſted by à gentle heat, and afterwards 
melted by raiſing the fire. The melted lead is taken out of the 
furnace by a hole which anſwers to one of the fides of it 
hearth, and which had been cloſed with clay. The lead is then 
caſt into pigs which contain ſilver. To ſeparate this precious 
metal, the lead is carried into another furnace, whoſe heart) 
is covered with aſhes, well waſhed, ſifted, and rammed donn. 
On one of the ſides of the hearth of this furnace are placed two 
large bellows, oppoſite to which are two gutters, which art 
called the paſſages of the litharge. When the furnace is hot the 
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lead is oxydated ; part evaporates, and is ſublimed in ſmall 

i which are over the paſſages of the litharge. Ano- 
ther portion of the metal is abſorbed by the bottom of the fur- 


nace; à third part, which is the moſt conſiderable, is oxydat- : 


ed, and even partly vitriſied; this is called /itharge. The bel- 
lows drive it out of the furnace, and likewiſe facilitate the 

ion and vitrification of the lead, by the quantity of air 
they blow on the ſurface of the metal in fuſion. When the li- 
tharge has been calcined by a moderate fire, it is in the form 
of a red ſcaly powder, which is called /itharge of gold, on ac- 
count of its colour. If the litharge has been more heated, and 
is in a more vitrified ſtate, and of a pale colour, it is called 
litharge of filver. . Laſtly, When the furnace. is heated ſtrongly, 
ſo as to melt the litharge completely, and to fuſe it in the form 
of irregular ſtalactites, it is called freſo litharge. When the 
operation is finiſhed, the filver contained in the lead remains in 


the furnace. This filver requires to be again refined, but in 


ſmaller males, in order that the remaining lead it ſtill contains 
may be ſeparated. 

The lead which has been oxydated in this operation of teſt. 
ing, is afterwards melted in contact with charcoal, and contains 
ſcarcely any filver ; it is then caſt into pigs, and expoſed to 
ſale. Spathoſe lead melts in contact with charcoal, in the ſame 
manner as the oxyds of lead. 

Lead expoſed to heat, melts long before it becomes ignited. 
The heat neceſſary to hold it in fuſion is ſo inconſiderable, that 
the hand may be plunged in it when melted without pain ; and 
in this ſtate it does not burn vegetable ſubſtances *. It is ſcarce- 
ly at all volatile, yet by a very ſtrong heat it fumes, and is 
reduced into vapours, like the more fixed metals. If it be ſuf. 
fered to cool very {lowly after being melted, and the melted 
portion be poured off from that which is become ſolid, it is 
found to be cryſtallized in quadrangular pyramids, which we 
have already deſcribed. 

Lead melted with the contact of air ſoon becomes. covered 
with a grey and dull pellicle; this pellicle is carefully taken 
of, and reduced by agitation into an oxyd of a greeniſh grey, 
rerging towards yellow. When ſeparated by the fieve from 
the grains of lead with which it is mixed, and afterwards ex- 
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poſed to a more violent red heat, it becomes of a deep yelloy, 
and in this ſtate is named affect. This laſt, flowly heated by 
a gentle fire, aſſumes a beautiful red colour, and is known by 
the name of minium. If maſſicot be too ſtrongly heated, it 
melts into glaſs without affording minium. 

Lead by oxydation becomes heavier, by the quantity of 
about ten pounds in the hundred. It was this increaſe of 
weight, produced in oxydating lead, as well as the neceſſity af 
air for the operation, which cauſed John Rey, a phyſician of 
Perigord, to fuſpe&, that air is fixed in this metal during the 
proceſs. Dr. Prieſtley has ſinee confirmed the opinion of Johy 
Rey, by obtaining vital air from minium. The oxyd of lead, 
though highly coloured, eaſily loſes this colour. If minium be 
beated rather too much, it becomes pale; if it more ſtrongly 
be urged by heat, it melts, without addition, into a tranſparent 
glaſs, ſo fufible, that it penetrates the crucible, and eſcapes. 
But if one part of ſand be added to three parts of oxyd af 
lead, the ſand melts, by the aſſiſlance of the oxyd, into a beau- 
tiful amber coloured glaſs. The colour of this glaſs is not ſo 
deep, and reſembles that of the topaz, when two parts of the 
oxyd of lead and one of ſand, or pulverized flint, are fuſed 
together. A ſimilar quantity of the oxyd of lead added to 
common glaſs, does not alter its tranſparence, but gives it a 
greater degree of weight, and more eſpecially a kind of unctu- 
ouſneſs, which renders it capable of being cut and poliſhed 
more eaſily without breaking. This glaſs is very proper to 
form achromatic lenſes ; but it is ſubject to veins, and to have 
a gelatinous aſpect. The Englith call it flint glaſs ; our work 
men find great difficulty in ſelecting pieces of any conſiderable 
magnitude, exempt from ſtriæ, in that which is imported from 
England. This great imperfection ſeems, in Macquer's opi- 
nion, to depend on the principles of the glaſs not being uni- 
formly combined: for that purpoſe, it is required that it 
ſhould be long held in fuſion ; but as the lead would by that 
means be diſfipated, the flint glaſs would loſe a part of its 
denſity and unctuouſneſs, which are its chief merit. 
Though all the phenomena of oxydation and vitrification af 
lead prove that this metal unites with great facility to the 
baſe of pure air or oxygen, it is nevertheleſs one of tholt 
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metallic matters which adheres the leaſt - forcibly with that 
iple, fince it gives it out by the imple action of heat, as 


If minium be ſtrongly heated in 2 
cetort, vital air is obtained, and a portion of the oxyd is re- 


duced into lead. All the oxyds, and even the glaſſes of lead, 
are eaſily decompoſed by combultible bodies. For this purpoſe 
it is ſaſficient-to mix them with charcoal, ſoot, greaſe, ol, or 
reſin, or, in a word, any inflammable ſubitance whatever, and 
to heat them for a certain time, in order to obtain a button of 
lead. This metal has therefore leſs affinity with oxygen than 
many other metallic ſubſtances have. Though it reſembles 
tin in ſome of its properties, it is abſolutely oppoſite to it in 
its oxydation and reduction. Theſe phenomena prove ſtill 
more our explanation of one of the cauſes of the affinity of 
compoſition, viz. that the degree of affinity of two bodies muſt 
not be eſtimated by the facility with which they combine, but 
by the difficulty experienced in diſuniting them. 

All the oxyds of lead, and eſpecially minium, have the pro 
perty of becaming charged with a certain quantity of carbonic 


_ acid, when expoſed: to air. If therefore it be defired that an 


oxyd of lead ſhould remain' in a ſtate of purity, it muſt be kept 
defended from the contact of air, or {lightly heated before it is 
uſed, in order —— the carbonic . aan. 
ſotbed. 

Lead expoſed to air tarniſhes the more handily; cotingly 
8 the air is damper. It contracts a white ruſt, which water 
carries off by little and little. This white powder is not a 
pure oxyd of lead, but is combined with the carbonic acid of 
the atmoſphere. The filver extracted from old lead, which 
has remained expoſed for a long time to the atmoſphere, ſhows 
that the lead, which was not deprived of its filver at the time 
it was firſt uſed, has been partly oxydated by the action of the 
atmoſpheric air; ſo that the filver which remained unaltered, 
is gradually augmented in proportion to the quantity of lead 
delroyed by the action of the atmoſphere. 


Lead is not altered by pure water, becauſe the principles of 


the water are not ſeparated by that metal ; yet the internal 
parts of lead pipes which conduct water are covered with a 
wlttſh cruſt, or a kind of ceru/e, which doubtleſs is produced 
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ſometimes obtained it in priſmatic ſhort columns. Sage. blans 


by the action of the different ſubſtances contained in the water 
on this metallic ſabſtance. Mr. Luzuriaga has obſerved, that 
by agitating: granulated lead in a ſmall quantity of water, with 
the contact of air, the metal becomes quickly oxydated, 

Lead does not unite with earthy — Ton in its ſtate of 
oxydation, it accelerates the vitrification. 

The action of the ſalino-terreſtrial ſubſtances, and cauſtic " 
kalis on lead, or its oxyds, are not known. - - 
This metal is ſoluble in all the acids, but concentrated ſul. 
phuric acid does not attack it, except it be boiling, and the 
lead be in ſmall pieces. In this proceſs ſulphureous acid gu 
paſſes over. When moſt of the acid is decompoſed, the mix. 
ture is white and dry, and ſeparates into two” portions, on 
being waſhed with diſtilled water. The moſt conſiderable part 
is inſoluble in water, and is an oxyd of lead containing a littl 
ſulphuric acid, formed by the oxygen which the metal has tak. 
en from the acid during the time of the diſengagement of the 
ſulphureons gas. This oxyd may be melted or reduced like 
that which is made by the combined action of fire and air; 
the portion diſſolved by the water is a combination of ſulphu. 
rie acid and oxyd of lead. This ſolution, by evaporation, af. 


fords ſmall needles of ſulphat of lead. Baume and Bucque: 
have not ſpoken of this ſalt, but under that form. Monnet 


this chemiſt, becauſe he affirms that he found Tulphat of lea 
to afford cryſtals in tetrahedral priſms. It is a very cauſtic 
ſalt, and requires at leaſt eighteen parts of water to difſolre 
it. It is decompoſed by fire alone, and alſo by lime and ab 
kalis. 

he nitric acid appears to «Qt veripſtrobghs onlead. When ths 
acid is well concentrated, and in ſmall quantity, the lead is quick- 
iy reduced into a white oxyd, by means of the oxygen which 
ſeparated from the nitric acid, at the ſame time that the nitrous 
gas is diſengaged; but if the acid be more feeble, it is leſs decon- 
poſed, and a ſufficient quantity remains to diſſolve the oxyd d 
lead. During this ſolution a grey powder is precipitated, "hit 
Groſſe took to be mercury ; but Baume affirms that this mat 
ter is nothing but a portion of the oxyd of lead; and 1 have 
ſeveral times in vain attempted to obtain mercury by ſublimi- 
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tion, and by urging this powder with a fire capable of redu- 
cing mercury, if it had been in the ſtate of an oxyd. This 
{lution does not afford a precipitate on the addition of water. 


[ts cryſtals, obtained by cooling, are of an opake white, in 


the form of flat. triangles, whoſe angles are truncated; | The: 
ame ſolution, by a low evaporation of ſeveral months, afford - 
ed cryſtals, the largeſt of which was one inch in thickneſs, of 
the form of hexahedral pyramids, whoſe three faces are alter- 
nately large and ſmall, and whoſe point is truncated, ſo that 
each cryſtal is an eight fided ſolid. Rouelle has deſcribed this 
alt very well. The nitrat of lead decrepitates in the fire, and 
melts with a yellowiſh flame when laid on an ignited. charcoal. 
The oxyd, which is at firſt yellow, becomes quickly reduced 
into globules of lead d. This ſalt is decompoſable by lime and 
Alkalis. The ſulphuric acid, though at. acts but feebly on lead, 


has nevertheleſs a ſtronger affinity to the oxyd of this metal than 
the nitric acid. If pure ſulphuric acid, or any neutral, earthy, - 


or alkaline ſulphuric ſalt be added to a nitric ſolution of lead, a 
white precipitate is formed in a very ſhort time: this precipi- 
tation takes place, becauſe the ſulphuric acid, ſeizing the oxyd 
of lead, forms with it ſulphat of lead, ſimilar to that which 
is prepared by the immediate combination of the ſulphuric 
cid with that metal. 

The pure muriatic acid, by the aſlitance of heat, — 
lead, and diſſolves part of its oxyd; but it is difficult to ſatu- 
rate it completely. This ſolution always has an exceſs of acid, 
but nevertheleſs affords, by a ſtrong evaporation, cryſtals. in 
the form of fine and brilliant needles, as Monnet has obſerved. 
The muriat of lead is ſcarcely at all deliqueſcent. Lime- and 
alkalis decompoſe it like the preceding ſalts, This metal be- 
comes more readily and intimately combined with the muxiatio 
acid, by adding the acid itſelf, or the acid united with an al- 
kaline or earthy baſe, to a ſolution of nitrat of lead. A white 
precipitate is immediately formed, which is much more abun- 
dant than that produced by the ſulphuric acid, and reſembles a 
coagulum. It is a combination of the oxyd of lead with the 
muriatic acid, which has ſeparated the oxyd of this metal from 
the nitric acid. This ſalt falls down, becauſe it is much leſs 
{olyble in water than nitrat of lead; if it, be expoſed to heat, 
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it gives out vapours, whoſe taſte reſembles ſugar, and mel, 


into a brown maſs, called corneous lead, becauſe it * 
ſembles the ſilver which is diſtinguiſhed by the ſame name; it 
is ſoluble in thirty times its weight of boiling water, The ſo. 
lation of this ſalt by evaporation eryſtallizes into ſmall, fire, 
and brilliant needles, which form bundles, or unite by one of 
their extremities in an obtuſe angle. Sage affirms, that thi 
ſolution affords, by inſenſible evaporation, cryſtals in ſtriated 
hexahedral priſms. The ſolution of corueous lead is decon. 
poſable by the ſulphuric acid, which occafions a precipitate re. 
ſembling that before obtained from the ſolution of nitric acid. 
This diſcovery, due to Groſſe, has been verified by Baum, 
and by all the chemiſts who have repeated the experiment; it 
detects an error in the eighth column of the table of affinitis 
of Geoffroy, who afferts, that lead has a ſtronger affinity 
with the muriatic acid than with the other mineral acids . 

All the ſolutions of lead are precipitated of a black or brow 
colour by earthy or alkaline ſulphures; a kind of galena being 
formed by the tranſition of the ſulphur to the oxyd of lead, 
which ſeems to ſhow that lead is in the ſtate of an oxyd in tha 
ore.. In theſe experiments a double decompoſition takes place, 
without a double elective attraction, becauſe the alkaline ba 
of the ſulphure would decompoſe the ſulphar, WA, and th 
muriat of lead, without any other addition. 

All the oxyds of lead are ſoluble in acids as readily as le: 
itſelf, and often with greater facility. Minium loſes its colour 
in theſe ſolutions. - Lead does not act ow the ſulphuric neutril 
ſalts, neither does it decompoſe ſulphat of potaſh — 
tin, zink, and antimony do. 

Lead does not ſenſibly detonate with nitre. When this neu- 
ee 
heat, it excites ſcarcely any commotion or apparent flame, 
though the lead is oxydated and vitrified by the alkali of nitre, 
and takes the form of ſmall yellowiſh ſcales, fimilar to /ithary: 

Lead decompoſes ammoniacal muriat very well by the afii- 
ance of heat. This property is common to many of the me- 
tals. The oxyds of lead triturated with this ſalt, diſengige 
the ammoniacal gas in the cold ; but if the mixture be heated 
in a retort, the decompoſition is very rapid, anda volatile 
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tzuſtic, and very penetrating ammoniac, comes over. Some 
chemiſts have affirmed, that the volatile alkali obtained by mi- 
num efferveſces with acids, and have thence concluded that this 
oxyd of lead contains carbonic acid. But Bucquet has obſery- 
ed, that this efferveſcence is produced by a portion of ammo- 


niacal gas volatilized by the heat produced during the combi 


nation of the alkali and the acid, and that it only takes place 
when concentrated acids are uſed. He has made very ingeni- 
ous and deciſive experiments on this ſubject. After having in- 
troduced into a glaſs veſſel over mercury, aminoniac obtained 
by means of minium, he added a ſufficient quantity of ſulphu- 
ric acid, ſomewhat concentrated, for the ſaturating of the al- 
kali. The ebullition, or diſengagement of gas, was immedi- 
ately excited, which was quickly after abſorbed, and conſiſted 
merely of ammoniacal gas. Nevertheleſs, ſince it has been diſ- 
covered that the oxyds of lead, and eſpecially the red or mi- 
num, contain carbonic acid, which they abſorb from the at- 
moſphere, it is conceived that the ammoniac diſengaged by 
theſe oxyds muſt take up a part. The maſs which remains in 
the retort after the decompoſition of ſal-ammoniac by minium, 
is muriat of lead, which melts by a moderate heat into corne- 
ous lead, and is totally ſoluble in water. This maſs was em- 
ployed by Margraaf in the proceſs for making the phoſphorus 
of urine, | | 

Hydrogen gas very ſenſibly affects lead, by producing change- 
able colours of the rainbow on its ſurface, and revivifying its 
oxyds, Minium, in contact with this gas, becomes black, and 
of a leaden colour. Dr. Prieſtley has obſerved, that a tube of 
glaſs, containing hydrogen gas, ſealed hermetically, and expoſ- 
ed ſeveral days to the heat of a ſand bath, was entirely cover- 
ed on 1ts inner ſurface with a black tinge, and that a vacuum, 
with drops of water, was formed in the tube. This valuable 
experiment is explained by the greater affinity which the hy- 
drogen has to the oxygen than lead has; and this is likewiſe 
proved by the total incapacity of that 'metal to decompoſe was 
ter. Engliſh glaſs contains a large proportion of oxyd of lead. 
The hydrogen gas acted on this oxyd, and by degrees deprived 
it of its oxygen, with which it formed drops of water ; the 
lead at the ſame time aſſuming the metallic colour. 
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- Sulphur readily unites with this metal. When theſe two 
ſubſtances are melted together, a brittle compound is produ- 
ced, of a plated texture, and a deep grey: brilliant colour, 
This ſulphure of lead, which nearly reſembles galena, is much 
more difficult to melt than lead ; a phenomenon peculiar to the 
combinations of certain metals with ſulphur. Thoſe which are 
very fufible, become more difficult of fuſion when united to 
that ſubſtance, while ſuch as are difficultly fuſed acquire a 
great degree of fuſibility by this addition d. 

The alloy of lead with arſenic has not been examined, Nie- 
kel, manganeſe, cobalt, and zink, do not unite with lead by fu- 
ſion ; antimony forms a brittle alloy with ſome brilliant facets, 
ſimilar in texture and colour to iron or ſteel, according to the 
proportions of the mixture, and of a ſpecific gravity more con- 
ſiderable than the two b ſubſtances, ſeparately taken, 
would compoſe. 

Lead combines with biſmuth, and affords a metal of a fine 
and cloſe grain, which is very brittle. Mercury diſſolves lead 
with the greateſt facility ; this amalgam is made by pouring 
hot mercury into melted lead. It is white and brilliant, and 
becomes ſolid at the end of a certain time. When triturated 
with the amalgam of biſmuth, it becomes as fluid as run- 
ning mercury. It is proper to obſerve, that this ſingular phe- 
nomenon takes place in the union of three very fuſible, pon- 
derous, and more or leſs volatile, metallic matters. 

Lead unites very eaſily by fuſion with tin. Two parts of 


lead, and one of tin, form an alloy more fuſible than either of- 


the metals taken ſeparately, and conſtitutes the ſolder of the 
plumbers. Eight parts of biſmuth, five of lead, and three of 
tin, compoſe an alloy ſo fuſible, that the heat of boiling water 
is ſufficicut to melt it, as Darcet has diſcovered. 

The alloy of lead with tin being employed frequently in 
economical uſes, and the firſt of theſe metals being capable of 
rendering utenſils made with the ſecond very dangerous for cu- 
linary or pharmaceutical purpoſes, it is an inquiry of confider- 
able importance to aſcertain the proportion of lead, which very 
often amounts to more than the public regulations permit. 
Bayen and Charlard have deſcribed an excellent proceſs for de- 
termining the quantity of this dangerous metal contained in 
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pewter, or other compounds of tin. It conſiſts in diſſolving 
* ounces of the ſuſpected metal in five ounces of a good pure 
nitric acid, The oxyd of tin is to be waſhed with four pounds 
of diſtilled water, and dried, and the water evaporated by the 
heat of a water bath. By this evaporation nitrat of lead is af- 
forded, which being calcined, the weight of the reſidue ſhows 
the quantity of that metal contained in the tin, allowing a few 
grains for the augmentation of weight ariſing from oxydation, 


33 well as the other metallic ſubſtances, ſuch as zink and cop- 


per, which the tin under examination may contain; Theſe che- 
miſts, by this method, aſcertained, that fine wrought tin or 
pewter contains about ten pounds of lead in the hundred; and 
that the common tin ſold in France under that name, often con- 
tains twenty-five pounds in the ſame quantity; an enormous 
doſe, ſufficient to expoſe thoſe who ufe veſſels made of this 
compoſition to the greateſt danger. Lead is almoſt conſtantly 
a part of the veſſels continually uſed, fuch as meafures for dif- 
tributing fluids; more eſpecially wine. It ſcarcely need be ob- 
ſerved, that a liquid, which quickly becomes acid, may unite 
with lead, and may convey into the viſcera of thoſe unfortu- 
nate perſons who drink it, the ſeeds of diſorders, fo much the 
more dangerous, as their cauſe is not ſuſpected. 

The pewterers have ſeveral methods of diſcovering the fine- 
neſs of tin, and the quantity of lead it contains: ſimple inſpec- 
tion often anſwers their purpoſe; and the weight and the noiſe 
produced in bending greatly aſſiſts their judgment. They have 
two kinds of affay ; the one called aſſay by the flone, which con- 
its in pouring the melted tin into an hemiſpheric cavity; hol- 
lowed in a thunder ſtone, terminated by a channel. The phe- 
nomena which the tin exhibits in its cooling, its colour, the 
roundneſs of its ſurface, the depreſfion of its middle part, the 
noiſe which the tail of the aſſay bent backwards and forwards 
produces, are the chief figns which the intelligent workman 
takes notice of, and by long obſervation applies with conſider- 
able accuracy to aſcertain the finenefs of the metal. But this 
aſſay uſed by the maſter pewterers at Paris does not appear to 
be ſo exact as the other practiſed by the maſters in the coun- 
try, though rejected with diſdain by the former. This ſecond 
aſay is called by be ball or medal, becauſe it conſiſts in pouring 
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the tin intended to be aſſayed into a mould, which gives it thy 
form of a ball, or a flat maſs ſimilar to a medal. The weight 
of this ſample 1s compared with a ſimilar volume of fine tin 
poured into the ſame mould; the more the tin under examina. 
tion exceeds that of the ſpecimen in weight, the more it is al. 
loyed with lead. Bayen and Charlard, with great reaſon, pre. 
fer this laſt aſlay, the principles of which are more certain thay 
the circumſtances on which the workman who uſes the aſlay 
of the ſtone muſt ground his judgment. 

Lead is uſed in a great number of works. It forms a part 

of many alloys, and is made into pipes for the conveyance of 
water. Its oxyds are employed in glaſs-making, and in the 
preparation of enamels. It is uſed to imitate the colour of yel. 
low precious ftones, and to give fuſibility to the glaze of earth. 
en ware. Utenſils and veſſels proper for economical uſes are 
made with this metal, but not without danger in their uſe, a 
we have before obſerved. Fountains, or veſlels of lead, in 
which water 1s ſuffered to remain a long time, often communi- 
cate a noxious quality to it. Its vapour is dangerous to the 
workmen who melt it, and its taſte is ſtill more dangerous to 
fuch as file and fcrape it. This metal, lodged in certain parts 
of the ſtomach and iateſt ines, produces violent cholics, often 
accompanied with vomiting a very brown bile, and character- 
ized by the flatneſs of the belly, and finking of the navel. It 
has been obſerved, that, in ſuch caſes, antimonial emetics and 
purges have been attended with great ſucceſs. Navier adviſes 
the different alkaline ſulphures in caſes of poiſoning by the 
preparations of lead, as well as in ſuch as are produced of ar- 
ſenic and corrofive mercurial muriat; and it is more particu- 
larly in the palſy and tremblings which commonly remain al- 
ter the colica piffomum, or painters cholic, that this phyſician 
boaſts of the good effects of alkaline ſulphure and ſulphureous 
waters. At all events, when theſe facts are duly confidered, 
we ought to avoid the internal uſe of preparations of lead, and 
only apply it as an external medicine; and even in this lal 
caſe it ought not to be adminiſtered but with all that care and 
caution which are required in the uſe of a ſtrong repellent. 
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5 LEAD. T 
a Lav is ſaid to melt in a heat of about 546? of Fahrenheit's ſcale. 

d If this ſalt be diſtilled in cloſe veſſels with a ſtrong heat, it gives out a conſi 
derable quantity of oxygen gas. Mixed with inflammable ſubſtances, it detonates 
in the fire, and hag, on that account, been termed fulminating lead. 

© Fluoric acid diſſolves lead, and forms with it in the heat a ſweetiſh ſolution, 
' which on evaporation depoſits a ſalt difficultly ſoluble in water. Fluat of lead 
does not part with its acid in the fire. It is decompoſed by the ſulphuric and mu- 
riatic, but not by the nitric acid. | 

Boracic acid combines with the oxyd of lead, but this combination is moſt rea- 
lily effected by adding a ſolution of borax to a ſolution ef nitrat of lead. Borat 


al lead is difficultly ſoluble in water; in the fire it melts into a white tranſparent 


gals | 
Phoſphoric acid in the moiſt way has only a very weak action on lead, but it 
precipitates it from its ſolution in nitric acid, and forms with it a ſalt very diffi- 
culely ſoluble in water. Phoſphat of lead melts in a moderate heat into a glaſs, 
which, with the addition of a little charcoal, may be decompoſed by the blow- 
pipe, This falt is ſoluble in the nitric acid; the ſulphuric and muriatic acids. de- 
compole it. 

Tartaric acid diſſolves the oxyd of lead, and forms with it a ſalt very difficultly 
foluble in water. This ſalt may be decompoſed without addition by the fire, and the 
lad reduced to the metallic ſtate. Tartaric acid takes lead from the nitric and 
muriatic acids, but it is itſelf diſengaged from it by the ſulphuric. Nitric acid 
Uſſolves the tartarit of lead. 

Oxalic acid diſſolves the oxyd of lead, and forms with it a falt, which, with an 
exceſs of acid, becomes ſoluble in water. It ſhoots into needle-ſhaped cryſtals 
which ſuffer no change in the air, are inſoluble in ſpirit of wine, and in cloſe vel- 
{els are decompoſable by the fire. Oxalic acid is ſuperior in affinity for lead to the 
atrie and muriatic acids, but inferior to the ſulphuric. 

The citric acid combines with the oxyd of lead, and forms a ſalt difficultly ſo- 
table in water. This acid decompoſes the acetat of lead. 

The malic acid diſſolves the oxyd of lead, and forms with it a compound very 
dfficultly ſoluble in water. An alkaline or earthy malat decompoſes, by double 
Mnity, the acetat of lead. By diſengaging the malic acid from the combination 
Which is formed, it may be obtained perfectly free of all acetic acid. 

Benzoic acid diſſolves the oxyd of lead by boiling in water. The ſolution has 
3 ſweetiſn taſte, and ſhoots into looſe foliated ſhining cryſtals. Theſe diffolve rea- 
I in water and ſpirit of wine, and are not changed by expoſure to the air. 

Succinic acid diſſolves the oxyd of lead by boiling them together in a large 
Juntity of water, After being evaporated and cooled, the ſolution depoſits foli- 
ard hining cryſtals, which are eaſily ſoluble in zitric acid, but difficultly fo in 
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water, This alt! is decompoſed in the fire and by alkalis. Succinic acid diſen. 
gages lead from its ſolution in acetic acid. , 

The oxyds of lead ſeem to have a ſtrong attraction for carbonic acid, but this 
acid does not diſſolve lead either in its metallic or oxydated ſtate. 

Pruſſiat of potaſh precipitates lead from its ſolution in acids of a white colour. 
An exceſs of pruſſiat diſſolves the precipitate. The * which has a pellowiſt 
brown colour, contains pruſſiat of lead. 

The gallic acid precipitates lead from its ſolution in nitric acid, of a white co- 
lour, which becomes dark by drying. The gallat of lead is but little known. 

4 Phoſphorus enters into fuſion with lead. The phoſphure has a metallic lure, 
and the colour of lead, The phoſphorus may be ſeparated again by the combine4 
application of heat. 8ce Gren's Handbuck. Bley. , 
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CHAPTER XVIII 
"CONCERNING IRON, 


Inox, called Mars by the alchemiſts, is an imperfe& metal, of 
z white livid colour, inclining to grey, internally compoſed of 
ſmall facets. It 1s ſuſceptible of a very beautiful and brilliant 
poliſh, and its hardneſs and elaſticity are ſuch, that it is capa+ 
ble of deſtroying the aggregation of all the other metals. 

Iron has a conſiderable ſmell, eſpecially when rubbed or 
heated, It likewiſe has a very evident ſtyptic taſte, which acts 
ſtrongly on the animal economy. Next after tin, it is the 
lighteſt of metallic ſubſtances ; a cubical foot of this metal, 
when forged, weighs 580 pounds. It may be extended into 
plates by beating; but as it is very hard, and becomes ſtill 
harder under the hammer, it cannot be made into leaves. Its 
ductility, when drawn into wire, is much more conſiderable ; 
very fine wires being made of this ſubſtance for muſical pur- 
poles : this property appears to depend on its tenacity. In 
fact, iron is the moſt tenacious of all metals, except gold. An 
iron wire, of one tenth of an inch in diameter, ſuſtains a weight 
of 459 pounds without breaking. 

Pure iron has a peculiar cryſtalline form. In the furnaces, 
where the metal has been ſuffered to cool flowly, quadrangular, 
articulated, and branching pyramids, formed of octahedrons, 
implanted one in the other, were found. This obſervation was 
made by Grignon, maſter of the forges at Bayard, in Cham- 
pagne. Laſtly, Beſides all the properties which iron partakes 
in common with every other metallic ſubſtance, it preſents 
three which are peculiar to itſelf. The firſt 'is magnetiſm, or 
the property of being attracted by the magnet, and of itſelf be- 
coming a very good magnet, either by remaining a long time 
in an erect poſition, or in the direction from ſouth to north; 
or by ſerving as the conductor to the electric fire of thunder, 
4 many facts atteſt; or by being ſtrongly rubbed againſt ano- 
ther piece of iron. The ſecond property is that of taking fire, 
or ſuddenly melting by the ſtroke of a flint; a phenomenon to 
Fluch the poets univerſally attribute the diſcovery of fire by 
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the firſt men. The third property which diſtinguiſhes it is, 
that it is found with manganeſe in plants and animals, - why 
fluids it partly colours. It is likewiſe probable that theſe or. 
ganic beings themſelves form this metal; for ſuch plants a; 
grow in pure water contain iron, which may be extracted from 
their aſhes. | 

Iron is a metal which is very abundant in nature, fince, inde. 
pendently of chat which plants and animals contain, it is found 
in almoſt all coloured ſtones, bitumens, and in almoſt all me. 
tallic ores. But we ſhall in this place attend only to the mine. 
ral ſubſtances which contain it in fuch large quantities as to he 
worth extracting. In theſe ores, which are very numerous, 

iron is either in the metallic or oxydated ſtate, or elſe mine. 

ralized by different ſubſtances. 

1. Native iron is known by its colour and alleability I 
is very rare, and is only found occafionally in iron mine, 
Margraaf found it in a fibrous form at Eibenſtock in Saxony, 
Pallas diſcovered in Siberia a maſs of 1600 pounds; and Adat- 
fon affirms that it is common at Senegal. Some naturaliſt: 
think that theſe native ſpecimens of iron are produced by art, 
and have been buried in the earth by accidents, 

2. The black ores of iron appear in general to belong to 
a black oxyd of iron, more or leſs pure. Black iron is 
known by its colour, by its property of being more or 
leſs attracted by the loadſtone, and by being not at all ſo- 
luble in acids. This iron is ſometimes cryſtallized in the 
form of polyhedrons, or in rounded laminæ, and preſents 
different ſpots of very brilliant rainbow colours; ſuch is that 
of the Iſland of Elba. This iron forms a very conſiderable 
mountain, from which it is dug at the ſurface. The Swediſh 
iron ore is likewiſe black, but is not cryſtallized. It is in 
maſſes more or leſs ſolid, mixed with quartz, ſpar, aſbeſtos, &c. 
it 15 often hard enough to take a poliſh, and its ſurface appears 
as it were compoſed of ſpeculæ, for which reaſon it, as well a 
the preeeding, is called ſpecular iren ore. It is found united in 
quarries of very conſiderable extent. This ore varies in its 
colour; when it is perfectly black it is ſtrongly attracted by 
the magnet; the blueiſh is leſs attracted, and the grey ſcarcely 
at all. The iron of Norway is likewiſe black, but it is com- 
monly in ſmall ſcales, like mica, often mixed with garnet an! 
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ſchorl. Black iron ore has ſometimes the form of grains. It 
is likewiſe cryſtallized in cubes, which has cauſed it to be de · 
nominated by ſome naturaliſts, galena of iron, or eiſen-glanz. 
When the micaceous ore of iron is black, it is called en- man, 


eſpecially if the ſcales be very large. When they are red, and 


the powder which covers them is of the ſame colour, it has 
the name of eiſen- rum. Iron ore in very regular, black octahe- 

dral cryſtals, and diſperſed on a kind of ſhiſtus, or hard ftea- 
tites, which comes from Sweden, Corſica, &c. appears to be- 
long to this claſs, It is attracted by the magnet, and is very 
brittle. The laminated and brilliant iron ore of Fremont like- 
wiſe belongs to this ſpecies. 

Though the different kinds of iron ore, confideted i in this 

article, ſeem to have a ſtrong analogy with each other, ſeveral 

mineralogiſts have conſidered them as very different, and have 
arranged them accordingly. This variety of opinions ariſes 
from the exact knowledge of their nature not being yet obtain- 
ed, It ſeems, that among thoſe ores there are ſome more or 
leſs approaching to the metallic ſtate, as the octahedral iron ore 
of Corfica and of Sweden, which Mongez compares to the 
martial Ethiops. This is ſtrongly attracted by the magnet. 
Others, on the contrary, approach more to the ſtate of oxyd, 
as the iron of the Iſle of Elba, and eſpecially the #iſen-man, 
and eiſen- ram, which are not ated on by the magnet. 

The ores from the Ifland of Elba ſeem to be only black 
oxyds of iron, ariſing from the carbonat of iron, reduced by 
means of fire, In this way Vauquelin has imitated them with 
great ſucceſs. To theſe details reſpecting the black irons I 
ſhall here ſubjoin ſome acts, obſerved by Abbé Hauy of the 
Academy of Sciences. He diſtinguiſhes two primitive forms 
in theſe irons, which, according to him, announce two ferru- 
ginous ſubſtances of different natures, 

The one is the regular octahedron, which is peculiar to the 
ron of Corfica, Its cryſtals. are ſtrongly attracted by the 
magnet. The fpecular iron of Mont d'Or, in octahedral feg- 
ments, is a variety of this ſort. 

The other form is that of the cube, and belongs particukirty 
to the iron ore from the Iſland of Elba, of which there are two 
principal varieties: 1. The iron in very obtuſe rhomboids ; 
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+ The iron with fix pentagons and eighteen triangles. Theſe 
— attract the magnet very feebly. Hauy, by filing 
them, obtained an unctuous reddiſh powder like that of the 
red micaceous iron, or the e:/en-ram of the Germans, 

3- Iron 1s very often in the ſtate of ruſt, more or leſs OXY. 
dated. It then forms the ochreous ores of iron. All earths, 
which are of a brown or red colour, are of this kind. 

4. The iron ores, which are called bog ores, muſt not be con- 
founded with the ochres : theſe ores indeed contain oxydated 
iron; but this oxyd is combined with the carbonic and pho. 
phoric acids, which appear to ariſe from the decompoſition of 
vegetables; it is diſtinguiſhed into rich and poor bog ores, fu. 
fible and refractory iron. The rich iron is not much ruſted, 
and contains only a very ſmall quantity of earth. Fuſible iron 
is that which melts eaſily, and affords caſt iron of a good qua- 
lity. The metal is united in its ore to ſeveral fuſible ſtones. 
Dry or refractory iron is more oxydated, and mixed with in- 
fuſible ſubſtances. All the bog ores of iron are commonly 
diſpoſed in beds, in the manner of ſtones, -and ſeem to have 
been depoſited by waters. It is very often in the form of ſphe. 
rical bodies, either flat or irregular. Organic matters, ſuch as 
wood, leaves, bark, ſhells, &c. are not unfrequently found in the 
ſtate of bog ores. This kind of converſion, or tranſition, ſeems 
to indicate a ſort of analogy between this metal and organic ſub. 
ſtances. A portion of phoſphat of iron contained in theſe ores 
the moſt common of all, communicates to this metal the pro- 
perty of being brittle when cold. Bergman, who was ac- 
quainted with this ſtate of iron, without having determined its 
nature, called this phoſphat of iron /iderize ; ſome German che- 
miſts have ſince called it water-iron. We ſhall hereafter ex- 
plain the means of ſeparating this ſalt from iron, which 1s 
brittle in the cold. | 

5. The eagle ſtones, or ætites, is & variety of the bog ore; 
they are bodies of different forms, commonly oval or polygy- 
nous, compoſed of concentric layers, diſpoſed round a nucleus, 
which is frequently moveable in the centre of the ſtone. The 
drying and ſhrinking of theſe layers forms a middle cavity, in 
which ſeveral fragments, more or leſs conſiderable, exiſt looſe 
ar detached. This ſtone has received the name it bears, be- 
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cauſe it was formerly thought that the eagles depoſit it in their 
neſt, and that it has the property of facilitating births. Hence 
it has been concluded, that this ſtone acts ſtrongly on the fetus 
in utero. Some authors have even affirmed, that it was poſh. 
ble to accelerate the labour of women by tying the eagle {tone 
to their leg, or to retard it by tying it to their arm. 

6. The hematites are a ſart of muddy iron ore, which ſeem 
to be formed in the manner of ſtalactites; its name comes from 
itz colour, which 1s commonly red, or of a blood colour, though 
this colour is ſubje& to variations. The hematites is ' uſually 
compoſed of layers which cover each other, and are themſelves 
formed of convergent needles ; the external part of this ore 1s 
covered with tubercles ; it is not only diſtinguiſhed by the co- 
lour, but by the form, Such are the hematites in needles 
found in Lorrain ; the tuberclated hematites are in the form of 
bunches of grapes, or the hematites botrytes, &c. Theſe ores 
are often found together with the muddy iron ore, and are de- 
poſited on a variety of different bodies. 

7. The laadſtone is an ochreous iron ore, very hard and re- 
fratory, which ſome perſons however imagine to be very near 
the metallic ſtate. It is known by its property of attracting 
ſteel filings, and is found in Auvergne, and in Biſcay in Spain; 
the varieties are diſtinguiſhed by their colours. 

8. Emery, ſmyris, is a grey or reddiſh iron ore, which ſevg. 
ral mineralogiſts conſider as a ſort of hematites ; it is very 
hard, is very refraQory, and is abundantly found in the Iſlands 
of Jerſey and Guernſey. It is reduced into powder, in mills, 
and 1n this ſtate is uſed to poliſh glaſs and metals, 

9. Spatheſe iron ore is an oxyd of iron combined with the car. 
bonic acid, and worn by water; it is uſually of a white co- 
lour, though all the ſhades of grey, yellow, and red are found. 
It is always diſpoſed in laminz of different thickneſs, ſemitran- 
ſparant like ſpar ; is heavy, and often regularly cryſtallized. 
Conſiderable quarries of this ore, frequently mixed with py- 
rites, are wrought ; as that of Allevard in Dauphiny. Some- 
times it is mixed with grey ſilver ore, as the iron of Baigorry; 
or with manganeſe, as that of Styria. Some mineralogiſts 
think, that it is a ſpar in which the metallic oxyd has been 


depoſited. Spathoſe iron ore is decompoſed without addition 
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in cloſe veſſels, and affords carbonic acid ; the iron remaining 
in a black powder, is ſtrongly attracted by the magnet, and 
ealily melts by the action of a conſiderable heat. The manga. 
neſe which it often contains renders it changeable in the air, 
and cauſes it to aſſume a brown colour, in proportion as it 
loſes its form and eonſiſtence. 

10. Nature likewiſe preſents iron in the ſaline ſtate, united 
to the ſulphuric acid, and forming fulphat of iron, or green 
copperas, This ſalt is found in the galleries of iron mines, 
eſpecially thoſe that contain pyrites ; it is ſometimes found in 
green cryſtals, or in the form of fine ſtalactites; and at other 
times it is not ſo pure. When it has loſt the water of its cry. 
ſtallization it is of a white or greyiſh colour; it is then called 
fori ; if it has ſuffered a calcination rather ſtrong, it is yellow, 
and called miſj; if the calcination be carried on till farther, a 
conſiderable portion of the red ſulphat of iron will be obtained, 
called natural colcothar, or chalcitect. If mixed with certain in- 
flammable matters, this ſalt is called melantari, on account of its 
black colour; all theſe different matters have received the 
name of /apides atramentarii, hecauſe, like the ſulphat of iron, 
they are proper to make ink, 

11. Tron is often found united to ſulphur, and then conſti- 
tutes martial pyrites, This kind of ore has received the name 
of pyrites, becauſe it is ſufficiently hard to give numerous 
ſparks when ftruck with the ſteel ; we call this combination 
native ſulphure of iron. The martial pyrites are commonly in 
ſmall red maſſes, ſometimes regularly formed; they are uſually 
ſpherical, cubical, or dodecahedral, but their form varies conſi- 
derably, as may be ſeen by conſulting the Pyritologia of Henc- 
kel, 

The Abbé Hauy, who has attentively ſtudied the ſtructure 
of ferruginous pyrites, has 6 the following principal va- 
rieties in their form. 


Varieties. 
The ſmooth cube; this is the primitive form of the mi- 
neral. 
2. Pyrites in regular octahedrons. 
3. In cubo. octahedrons; this is the cube of which the 
angles are truncated, & 
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4. Dodecahedral pyrites, with pentagonal planes. 

5. Cubical pyrites ſtriated in three different directions. He 
has ſhown (Mem. de Acad. 1785. p. 218.), that the 
cube, the ſtriæ of which had ſo much embarraſſed Stenon 
and Mairan by the diverſity of their directions, was no- 
thing but a modification produced by the ſudden cryſtal- 
lization of the dodecahedron with pentagonal planes. 

6, Pyritet, with twenty triangular faces, eight of which are 
equilateral, and twelve iſoſceles. 

1. Pyrites, with thirty-ſix iſoſceles triangular faces, of which 
twelve are broader and longer than the other twenty- 
four. 

8. Globular pyrites, prickly, with octahedral points; this 
ſeems to be of a different nature from the former. 

Some pyrites are brown on the outſide, and of the colour of 
iron ; moſt are yellowiſh, and conſiderably reſembling copper 
ores, even at their ſurface. All are yellow, and, as it” were, 
coppery within. Pyrites are commonly diſperſed, and parti- 
cularly in copper mines, in the neighbourhood of iron mines 
and in clays, and coal mines, The upper ſtratum of the latter 
is almoſt always pyritous. All the ſeveral kinds of pyrites are 
eaſily decompoſed. A light degree of heat is ſufficient to de- 
prive them of their ſulphur. They are almoſt always ſponta- 
neouſly changed when expoſed to the air, eſpecially in a moiſt 
place: They ſwell, burſt, loſe their brilliancy, and become co- 
vered with an efloreſcence of a greeniſh white, which is ſul- 
phat of iron. It ſeems that this alteration, which is called vi- 
triolization of the pyrites, depends on the united action of air and 
water on the ſulphur. Sulphuric acid is thus formed, which 
diſſolves the iron, and riſes above the ſurface of the pyrites 
like a kind of vegetation, which gradually ſeparates the ſmall 
pyramids which compoſe this mineral. All pyrites do not ef- 
floreſce with the ſame facility, The globular pyrites, whoſe 
colour is very pale, and texture cloſe, become vitriolized very 
quickly. The others, which are of a brilliant yellow, or of 
the colour of copper, and are formed of ſmall laminz, very 
evenly applied on each other, do not effloreſce but with great 
lificulty, and muſt be very carefully diſtinguiſhed from the 
foregoing, becauſe they differ from them 1n colour, form, tex- 
ture, and other properties, OED 
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12. Iron is found combined with arſenic, both being in he 
metallic ſtate. This ore, which is the true mipickel, is white, 
brilliant, granulated, or in facets, and does not contain ſulphur, 
as the arſenical pyrites, properly ſo called, does. Wolfram 
was formerly conſidered as an arſenical iron ore, but it is now 
known to be an ore of tungſten. 

13. Iron is ſometimes found in the form of a blue powder, 

of a more or leſs deep colour, In this ſtate it is called Pruſſan 
blue, or native prufſiat cf iron. It is mixed with vegetable earths, 
and eſpecially with turf. 
14. Laſtly, Iron being the moſt abundant of all the metal, 
is frequently found mixed with ſand, clay, chalk, and is the 
colouring matter of a great number of different earths and 
ſtones. . 

Iron ores are aſſayed after the following manner, by the dry 
way. After reducing them into powder, they are mixed with 
double their weight of pounded glaſs, one part of calcined bo. 
rax, and a ſmall quantity of charcoal in powder; the mixture 
is exactly triturated, and put into a crucible ; a ſmall quantity 
of marine ſalt is added, the crucible is then covered, and the 
heat raiſed to melting. When the maſs is very {lowly cooled, 


iron, more or leſs malleable, and in a ſmall ſpherical button, 


often cryſtallized at its ſurface, 1s found. 

Bergman propoſes to aſſay iron ores by the humid way. He 
uſed the muriatic acid to diſſolve the iron, and precipitated i: 
by a pruſſiat of alkali. If other metals were mixed with the 
iron, he calcined them, and ſeparated them by the nitric and 
acetic acids, and afterwards diſſolved the iron n by the. muriatie 
acid. 

The treatment of iron ores varies according to the ſtate in 
which the metal is found. There are ſome ores which require 
no preparation before the ſmelting ; others require to be pound- 
ed and waſhed, and ſome to be roaſted, in order that they may 
become more friable and fuſible. 

The bog ores and ſpathoſe iron ore, are exarnined in the 
ſame manner, by ſmelting them with charcoal. The furnaces 
in which iron is melted are of various heights, from twelve to 
eighteen feet q their cavity repreſents two quadrilateral pyra- 
mids, which join at their baſe about the middle of the height 
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of the furnace. At the bottom of the furnace an aperture 1s 
made, from which the melted metal is to flow out; this aper- 
ture, which is cloſed with earth, correſponds with a triangular 
cavity, hollowed in ſand, and intended to receive the melted 
iron. The proceſs is begun by throwing ſome lighted bruſh. 
wood into the furnace, and afterwards charcoal, with the ore, 
and certain fluxing matters ; theſe are commonly of calcareous 
fone, with certain argillaceous ſtones, and ſometimes quartz 
and flints. The ſtones, the charcoal, and the ore, are alter. 
rately thrown into the furnace, obſerving to cover the whole 
with a bed of charcoal, which muſt riſe to the upper opening 
of the furnace. The ſmelting 1s performed by the help of 
two ſtrong pair of bellows ; and the iron melts paſſing through 
the charcoal, which reduces it. The ſtony matters added to 
the ore, becoming melted and vitrified, facilitate the fuſion of 


the iron, which begins at the narroweſt part of the furnace, 
The melted metal iꝰ collected at the bottom, and by opening 
the anteri rture of the furnace, it is ſuffered to run out into 


the cavity in the ſand ; it is then called crude iron. A vitreous 
matter called fag, paſſes after the iron, and conſiſts of the 
ſtones added to facilitate the fuſion. Its colour is green, whit- 
ih, blue, or yellow, which it receives from a portion of the 
oxyd of the 1ron. 

The metal is brittle, and has not the ductility of iron. Me- 
tallurgiſts are not agreed concerning the cauſe of this property 
of caſt iron. Some think that it is owing to a portion of the 
vitreous matter; others attribute it to part of the oxyd of iron 
not being reduced. Brandt ſuppoſed it to ariſe from arſenic, 
and Sage thinks that it is produced by zinc. Bucquet conſi- 
dered caſt iron as iron not well reduced, and ſtill containing a 
portion of metallic oxyd interpoſed between its parts. Berg- 
man, who made many experiments on iron, has proved, that 
the brittleneſs of caſt iron depends on a certain quantity of fo- 
reign matter, which he ſuppoſed to be a peculiar ſubſtance, and 
called fiderite, It has been ſince diſcovered, that fiderite is a 
compound of iron and phoſphoric acid, and that it is Iikewiſe 
found in ſome kinds of malleable iron, as we ſhall hereafter 
ſhow, | 

The true cauſe of the brittleneſs, fuſibility, granulated tex- 
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ture, and all the other properties of caſt iron, has been put 
out of doubt by the valuable reſearches of Vandermonde, 
Monge, and Berthollet. They have proved that crude iron 
contains oxygen and charcoal : this laſt has been abſorbed dur. 
ing the fuſion in the ſmelting farnaces. It is to the ſeveril 
quantities of theſe two foreign ſubſtances that caſt iron owe 
its different qualities, 

Metallurgiſts diſtinguiſh ſeveral kinds of caſt iron, white, 
grey, black, &c. That which is of a grey brown, with black. 
iſh ſpots, is called ſpeckled iron. The white caſt iron is of 
the worſt quality, and approaches to the character of brittle 
metals ; the grey is of an intermediate quality between the 
firſt and the black, which is the beſt, and affords iron of a good 
quality. | 

Theſe different characters depend on the quantity of oxy. 
gen, and more efpecially of charcoal, contained in the crude 
iron. When the charcoal is very abundant, and uniformly 
mixed, the caſt iron is black ; a ſomewhat ſmaller quantity of 
that ſubſtance forms the grey caſt iron; an imperfect mixture 
too quickly made, and ſuddenly cooled, conſtitutes ſpecklet 
iron; and the white crude iron contains the leaſt poſſible quan- 
tity of charcoal. All theſe qualities influence the nature and 
uſe of crude iron, and eſpecially its convertibility into malle- 
able iron. The philoſophers above quoted have diſcovered, 
that when crude iron is fuſed, there 1s always ſeparated a por- 
tion of charcoal intimately united to à ſmall quantity of iron, 
or carbure of iron. This compound, hitherto called plum- 
bago, covers the ladles with which the caſt iron is taken up 
and poured out. 

To convert crude into malleable iron, it is neceſſary to de- 
prive it of charcoal and oxygen. A ſtrong heat, which tho- 
roughly penetrates the whole maſs,-is neceſſary to obtain this 
reduction. It may be eaſily conceived, that at a high temperi- 
ture the charcoal muſt burn by ſeizing the oxygen, and wil 
diſengage itſelf with efferveſcence in the form of carbonic acid 
gas. For this purpoſe it is taken to the refining ſurface, Thus 
is a hearth ſomewhat hollow, in which a maſs of crude iron is 
placed, and covered with a large quantity of charcoal. The 
fire is urged by bellows until the iron melts, in which ſtate it 
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4 wrought or kneaded, and repeatedly turned over with pro- 
per inſtruments. This agitation cauſes it to preſent a large 


ſurface, ſo that the portions of charcoal take the oxygen from 
the iron, dre burned, and give out carbonic acid gas. The 


metal appears likewiſe to be deprived of a portion of fiderite, 


or phoſphat of iron: It is then carried to the hammer, to be 
wrought into bars. The hammering, by bringing the parts 
of iron nearer together; facilitates the ſeparation of the ſide- 
rite, and the portion of carbure, and of oxyd of iron which 
the metal ſtill contained, and by that means completes what 
was left defective by the fuſion. This heating and hammering 
is repeated a number of times; till the iron has acquired the 
defired degree of perfection. 

Two kinds of forged iron are diſtinguiſhed ; ſoft iron and 
ſteel, Soft iron is very ductile, and when it is broken by 
bending backwards and forwards, it draws out, and appears to 
be compoſed of fibres. This fibre or nerve, however, is only 
produced by the manner of breaking, and does not appear at 
all when the ſofteſt iron is broken ſhort and ſuddenly ; at the 
ſame time that iron of the worſt quality will appear fibrous if 
it be broken ſlowly and cautiouſly, The quality of iron may 
be eſtimated much better from its grain than from its fibres. 
Caſt iron is more brittle, and has a large grain, which appears 
as if formed of ſmall ſcales. It is diſtinguiſhed into hat hort 
iron, and cold ſhort iron. The cauſe of this brittleneſs is at pre- 
lent known: the hot ſhort iron contains much more ſiderite 
than other iron, and the quantity of this phoſphure of iron 
is leſs and leſs in other iron, to the ſofteſt, which con- 
tains none at all, In order to ſeparate this compound from 
ron, and to determine its quality, the metal is diſſolved in 
diluted ſulphurie acid, and a white precipitate, conſiſting of 
phoſphat of iron, ſubſides gradually, which is collected and 
weighed ®, 

Iron may be converted into ſteel by artificial means. For 
that purpoſe ſhort bars of iron are encloſed in an earthen box 
or veſſel, filled with a cement, eommonly compoſed of very 
combuſtible matters, ſuch as ſoot, or the coal of animal mat- 
ters, animal oil, to which is uſually added, - aſhes, calcined 


bones, marine ſalt, or ſal-ammoniac ; but theſe matters appear 
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heated for ten or twelve hours, till the bars become white, and 
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to do oftener harm than good. The box being well cloſed, is 


are-ready to melt. In this operation the iron becomes puri. 
fied, and is completely reduced by the aſſiſtance of the com. 
huſtible matters with which it is ſurrounded ; the portions 
which were not perfectly in the metallic ſtate, aſſume that 
ſtate'; and the phoſphure of iron, if it ſtill remains, appears to 
be entirely decompoſed. - The iron being ſoftened and dilated, 
abſorbs the charcoal which ſurrounds it ; and the ſteel of ce. 
mentation is nothing elſe but a combination of pure and well. 
reduced iron with charcoal. It differs from iron in containing 
charcoal, and from caſt iron in this, that the crude iron con- 
tains not only charcoal, but a greater or leſs quantity of oxy. 
gen. [If caſt iron be deprived of its oxygen without ſeparating 
the charcoal, or by giving it a new quantity, ſteel will be pro- 


_ duced without refining the iron®. Steel is much more fufible 


than iron, for which reaſon the bars which are converted into 
ſteel by cementation, are ſoftened: to that degree, that the car. 
bonic acid, which is diſengaged in bubbles during the action 
of heat, forms ſmall bliſters, or very ſenſible cavities on its 
favface, This kind: of ſteel is called blifer feel. The differ- 
ences of ſteel depend upon the greater or leſs reduction of the 
iron, the quantity of charcoal which it contains, and the more 
or leſs ſudden cooling it has been ſubjected to. The tempering 


brings the particles ſtrongly together, and renders it very hard, 


very dry, and very brittle. 

It is evident that all the preparations to which iron is ſub- 

jected, are neceſſury only becauſe that metal, being more dil. 
ficult to fuſe than others, adheres very ſtrongly to oxygen, and 
has a ſtrong tendency to combine with it. 
There are ſome iron ores, particularly the black iron ore, 
as for example, that of the Iſland of Elba, in which this metal 
is ſo abundant, and fo little altered, that nothing more is ne- 
ceſſary than to melt it. It is ſufficient if theſe be ſoftened un- 
der the coal in the refining furnace, and conveyed from thence 
to the hammer. This is called the Catalan method, and can 
only be: uſed with ores that contain but a ſmall quantity of 
ſuch foreign matters as are capable of being converted into 
ſcoriæ. 1 45 
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Spathoſe iron ores afford an iron fo pure, and ſo little ro- 
Jacible, that they melt very readily, and eafily abſorb char- 
coal in their reduction, for which reaſon they ate called feel 
ores *, 

The chemical properties of iron are very numerous, and in 
order that they may be the more perfectly underſtood, we ſhall 
conſider them as they exiſt in the ſofteſt iron. 

Iron does not melt but by an extreme heat. When thrown 
in filings in the midſt of a burning fire, or even through the 
fame of a taper, it ſuddenly takes fire, and produces very bril- 
liant ſparkles. Theſe are fimilar to thoſe produced by the 
ſtroke of the ſteel againſt flint, and if collected on a white pa- 
per, they are found to be melted, and reſemble a kind of ſoo- 
rix, This metal, expoſed to the focus of the lens of De Tru- 
daine, ſuddenly throws out inflamed and burning ſparkles, 
Macquer, who melted ſteel and iron in this lens, obſerved, that 
ſteel was the moſt fuſible, which ariſes from its combination. 
with charcoal. Iron melted and ſuffered to cool flowly, takes 
z peculiar cryſtalline form, as we have already obſerved, 
Mongez deſcribed it to be a pyramid of three or four ſides. 

The blow pipe, with vital air, cauſes the filings of iron to 
burn as rapidly as the focus of the lens of the Garden de Vin- 
fant, If an iron wire turned in « ſpiral form, and terminated. 
by a ſmall piece of lighted quick match, be plunged into a veſ- 
ſel of vital air, the metal ſuddenly catches fire, and burns with 
a very remarkable degree of rapidity and deflagration, As, 
in all theſe fuſions, the iron becomes btittle and is oxydated, 
at the ſame time that it aſſumes a black colour, the workmen 
in iron, and all who have to do with this metal, do not conſi- 
der it as fuſible; and it is an axiom with them, that iron is' 
abſolutely infuſible. It may be conceived, however, that this. 
opinion, ſtrictly taken, is erroneous ; for by a very ſtrong heat, 
and without the contact of air, iron melts with ſcarcely- any 


alteration. In our accurate experiments, ſmall ingots of ſoft, 


and ductile iron are obtained. Iron, though very hard and 
refratory, is very eaſily calcined or onydated ; when it be- 


zins to grow red, it combines with the oxygen, and borns 


vithout any apparent flame. A bar of iron kept red. hot for 
long time, becomes covered with ſcales, which may be beat 
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off with the hammer. In theſe, however, the metal is only 
partly oxydated, fince they are attractable by the magnet. A 
more perfect oxyd of iron is made, by expoling filings of ſteel, 
and ſtill more quickly the ſcales of hammered iron, to heat 
under a muffle. They are converted into a reddiſh brown pow. 
der, not attractable by the magnet, and called affringent ſaffrc 
of Mars. We call it the red oxyd of iron, and the ſcales the 
black oxyd. This laſt ſubſtance contains from 20 to 25 per cent. 
of oxygen; the red oxyd contains from 32 to 34. The oxy; 
of iron vary between theſe two degrees of oxydation ; ſome 
are of a yellowiſh brown, others of a chocolate colour, and 
others of a beautiful red ſimilar to carmine : all theſe oxyds, 
when mixed with earthy matters, and expoſed to a very ſtrong 
heat, melt into a blackiſh and porous glaſs. They are reduced 
in part by heating them ſlowly in cloſe veſſels : if they have 
been expoſed for a ſhort time to the air, they give out a cer- 
tain quantity of carbonic acid during their reduction; which 
proves that they attract this acid from the atmoſphere. This 
acid likewiſe comes from the charcoal contained in iron, which 
becomes acid by abſorbing the oxygen diſengaged during their 
reduction. 

The red oxyds of iron are eaſily reduced with combuſtible 
matters. When mixed with a ſmall quantity of oil, and light- 
ly heated in a crucible, it becomes black, and is ſtrongly at- 
tracted by the magnet. But they do not loſe all the oxygen 
which they contain in this operation, and paſs only to the ſtate 


of the black oxyd. 


The pureſt iron expoſed to moiſt air, ſoon loſes its metallic 
brilliancy, becomes covered with a pulverulent cruſt, of a yel- 
low'brown colour. This matter is uſually called ry//. Com- 
mon iron is much more ſubje& to ruſt than ſteel 3 the more 
this metal is divided, the more rapid is its alteration by expo- 
fare to air. In this manner the preparation, known in phar- 
macy under the name of aperitive ſaffron of Mars, is prepared. 
Steel filings are expoſed to the air, and moiſtened with water, 
by which means they very quickly ruſt. The ſame procels 
with iron in the ſtate of Athiops, or black oxyd, is ſtill more 
expeditious, In this alteration the metal is agglutinated, and 


forms maſſes which muſt be levigated before they can be em- 
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ployed in medicine, It was formerly thought that the ruſt of 
iron was produced by the air, but it 1s at preſent known, that 
this metal is calcined by water. My own experiments lead 
me to think, that the aperitive ſaffron of Mars is a combination 
of the oxyd of iron with the carbonic acid. I have diſtilled 
the /affron of Mars in the pneumato-chemical apparatus, and 
obtained a large quantity of this acid. The iron was changed 
into a black powder, ſtrongly attracted by the magnet. Joſſe, 
apothecary at Paris, has communicated to the Royal Society 


of Medicine, a like proceſs for quickly obtaining the martial © 


Aithiops. He recommends igniting the aperitive /affron of Mars 
in a retort, to which a receiver, pierced- with a ſmall hole, is 


adapted without luting ; by this means the heat diſengages 
the carbonic acid, which Joſſe ſuffers to eſcape by the opening 
in the retort, and the iron remains in the ſtate of a black oxyd 
in powder, or of a martial Aithiops, - 1 have often cauſed the 
cauſtic potaſh and ſoda to cryſtallize by this means; the inſide 
of the receiver being previouſly moiſtened with a ſolution of 
theſe ſalts ; for the carbonic acid of the iron, uniting with the 
one or other of theſe alkalis, forms the neutral ſalts, which are 
called carbonats of potaſh or of ſoda. ' I have made many other 
experiments on the ruſt of iron, which are explained in one of my 
memoirs (Memoires et Obſervations de Chemie 1784), and various 
experiments have convinced me, that this matter is a true neu- 
tral ſalt, formed of the oxyd of iron and catbonic acid; for 
which reaſon J have given it the name of carbonat of iron, to 
diſtinguiſh it from the true oxyds of this metal. This ſalt is 
abſolutely the ſame with that which Bergman calls aerated iron. 
This theory poſſeſſes the advantage of having been adopted by 
Macquer, and perfectly explains the cauſe why i iron ruſts very 


quickly in a humid and impure air; why it becomes ruſted ſo 

quickly, and to ſuch a depth, in places where the air is vitiated | - 
by the reſpiration of animals, by combuſtion, by animal va- 
pours, and in ſtables, neceſſary houſes, &c. Iron is the moſt * * 
alterable, by contact of air, of all metallic ſubſtances; and this 

alteration is not confined to its ſurface ;' bars of iron of conifis -. 
derable thickneſs are often found to be 1 n. fo the 
middle. | 8 2 
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Cold water has a conſiderable action on iron, dividing it, 
and even diſſolving à part, according to the experiments of 
Monnet 4; the purer the iron, and the more air the water con- 
tains, the larger is the quantity taken up. When iron filing 
have been agitated for ſome time in water, the metal appears 
to be extremely divided, and the turbid water, after decants. 
tion, depoſits a very black and ſubtle powder, called the martia/ 
FEihiops of Lemery. This powder muſt be carefully dried in 


.@ cloſe veſſel, by a mild heat, leſt the conta& of the ait ſhould 


ruſt it. The martial Æthiops is ſtrongly attracted by the 
magnet. It is a black oxyd of iron by water, As this ope- 
ration is very long and delicate, many chemiſts have engez- 
voured to render it more eaſy in the practice. Rovelle em- 
ployed the mouſſoirs de bs Garaye for this preparation, and 
obtained a very fine Atbhiap, in much leſs time than the pro. 
ans Lemery requires to afford it. I think that the procel 

of Jofle, which is much more expeditious, may be advan- 
tageouſly ſubſtituted ; and ſeyeral other proceſſes for preparing 
Bthiops martial are related in the following pages, The pre- 
paration of Lemery is owing to à true decompoſition of the 
water; hydrogen gas is diſengaged, and the iron becomes oxy 
genated by abſorbing 25 per cent, of oxygen. We ſhall im- 
mediately proceed to treat more at large of this oxydation of 
iron by water. 

Bars of ſteel We] and fuddenly plunged in cold water, 
acquire a very conſiderable degree of hardneſs, and become 


| brittle; theſe qualities are ſo much the more eminent, in pro- 
portion as the ſteel was hotter, and the fluid in which it is 


plunged, colder, This operation is called fenpering. The de- 
grees of hardneſs of ſteel may be varied at pleaſure ; and it 
may likewiſe be eaſily deprived of its hardneſs, by beating it 
to the ſamo degree it had before the tempering, and ſuffering 
it to cool gradually, This effect of the water appears to con- 
fiſt in a change in the diſpoſition of the parts of the ſteel pro- 
duced by the ſudden cooling, which impedes its cryſtallization. 
All metals are capable of acquiring hardneſs by the ſame pro- 
ceſs. But this quality is the more ſenſible, in proportion a 


te metal is leſs fuſible; a property which iron poſſeſſes is 3 


very low degree. 
| i 
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It has been diſcovered that a ſtrong action is exerted be- 
tween water and irod. Lavoiſier having expoſed iron with 
water in a glaſs veſſel, over mercury, obſerved, that the iron 
became ruſty, and the water was diminiſhed in proportion as 
the elaſtic fluid was diſengaged, which filled the ſuperior part 
of the apparatus. This fluid was inflammable gas; the iron 
had increaſed in weight, and was oxydated. Lavoiſier ſuſpect- 
ed that the water contained oxygen, and that this ſubſtance 
being united to the iron, the inflammable- gas, or other prinei- 
ple of the water, was diſengaged in the ſame proportion. He 
afterwards made the expesiment, in conjunction with Meuſ- 
nier, in a more decided manner, by introducing the vapour of 
water into à red hot gun barrel; he obtained a large quantity 
of inflammable gas; the inner part of the gun barrel betame 
increaſed in bulk, and aſſumed a black, brittle, lamellated ap- 
pearance, ſimilar to the iron ore of the Iſland of Elba, The 
metal was increaſed in weight, and the addition, together with 
the weight of inflammable gas, correſponded perfectly with that 
of the quantity of water deſtroyed. The portion of iron oN. 
dated in this experiment was found ſeparate from that Which 
had not ſuſtained the ſame alteration ; it formed an interior 
cylinder, thicker, and of a texture, colour, conſiſtence, and 
form, very different from that of the external part. The hear 
of red hot iron is neceſſary, in order that this experiment 
ſhould ſucceed, becauſe this degree of heat fingularly favours 
the ſeparation of the principles of the water by the metal; 
for which reaſon, when the gun barrel is not well ignited, ati 
the water does not paſs in a ſtrongly elaſtic ſtate, infammable 
gas is not diſengaged, the water not being decotnpoſed ; à want 
of attention to this circumſtance has cauſed feveral philoſo. 
phers, who did not ſufficiently heat the iron, and ntroduted 
liquid water, to deny the decompoſition of that fluid, though 
its analyſis, accurately made by this experimetit,' is confirttied 
by the ſyntheſis, as Mongez and Lavoifier have dethonſtrated. 
There are many other circumſtances in which water is thus 
ſeparated into its principles, and contributes to the production 
of many very important phenomena, as will be hereafter ex. 
plained, Of this kind is the experiment which has ſhown that 
vater is a compound of 0,14 of hydrogen, and 6,86 of oxygen. 
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Tron, in its metallic ſtate, does not unite to earthy and ſtony 
matters; but the oxyd of iron facilitates the vitrification of all 
ſorts of ſtones, and colours them either green or brown, The 
colour communicated by the oxyds of iron are exceedingly va. 
rious, according to the peculiar ſtate of the oxyd which ap. 
proaches more or leſs to the metallic ſtate. Theſe oxyds have 
likewiſe the property of affording various degrees of confiſt- 
ence to earths, with which nature or art has mixed them, by 
the aſſiſtance of water. 

Barytes, magneſia, and lime, have no eyident action on 
Iron. 

The pure fixed alkalis, and ammoniac, when diſſolved in 
water, act ſenſibly on this metal: after ſeyeral days digeſtion 
the fluids become turbid, and afford a ſmall quantity of thrips, 
or black oxyd of iron, which falls down ; a certain quantity of 
hydrogen gzs being at the ſame time diſengaged, as the che. 
miſts of Dijon have obſerved. This circumſtance proves, that 
water contributes greatly to the effect. This fluid being de- 
compoſed, affords the gas; and its decompoſition is favoured 
by alkalis. 

Iron is ſoluble in all the acids. Monnet has frond that 
concentrated ſulphuric acid does not act on this metal, unleſs it 
be boiling. When this mixture is diſtilled to dryneſs, the re- 
tort is found to contain flowers of ſulphur ſublimed, and a 
white maſs of ſulphat of iron, partly ſoluble in water, which, 
however, does not afford cryſtals, becauſe it has been decom-* 


poſed by heat. If this acid, diluted with two parts of water, 


be poured on iron filings, it diſſolves the metal very readily, 
without the aſſiſtance of heat. The ſolution is attended with 
the diſengagement of a large quantity of hydrogen gas, which 
may be made to detonate with a conſiderable noiſe, by apply- 
ing a lighted candle to the aperture of the veſlel, after having 
cloſed it for a ſhort time with the hand. This gas burns with 
2 reddifh flame, and very often exhibits ſmall ſparkles, fimilar 
to thoſe of iron filings. Macquer, Bergman, and Kirwan, 
think, that the ſulphuric acid in this combination diſengaged 3 
large quantity of phlogiſton from the iron, and that the inflom- 
mable gas was derived entirely from the metal. This opinion 
appears to be founded on 4 circumſtance FR believed, Vit 
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that inflammable gas might be extracted from iron alone, with- 
out addition, by the ſimple action of heat; but it is now prov. 
ed, that iron does not afford hydrogen gas by heat, but in pro- 
portion to the water or the moiſture which may be preſent; 
and it is equally proved, that the water added to the ſulphuric 
acid in the preſent experiment, is the only ſubſtance which 
produces the hydrogen gas by its decompoſition. 1. Becauſe 
the ſulphuric acid, in a concentrated ſtate, affords only ſulphu- 
reous gas. 2. In the concentrated ſtate it does not attack iron 
without difficulty, and by the aſſiſtance of heat. 3. As ſoon 
as water is added, the action becomes much more rapid, and 
the production of hydrogen gas takes place. 4. The quantity 
of concentrated ſulphuric acid employed, 1s partly decompoſed 
by the iron when water is not added ; whereas the acid entire- 
ly combines with the oxyd of iron, without ſuffering any de- 
compoſition when water is added to the ſolution. This fact is 
proved, becauſe the ſame quantity of alkali is required to ſa- 
turate the acid after its action on the iron, as it would have re- 
quired before. It is therefore the water which oxydates the 
iron in this operation, as La Place long ſince nn and 
Lavoiſier and Meuſnier have proved. 

In proportion as the diluted ſulphurie acid acts on the i iron, 
2 portion of the metal is precipitated in a black powder, which 
Stabl ſuppoſed to be ſulphur, but Monnet found, on examina- 
tion, to be martial /Ethiops, This portion of black oxyd of 
iron, ſuperabundant to the ſaturation, frequently contains car- 
bure of iron, When one part of the iron is combined with 
one part of the acid, though the latter be far from ſaturation, 
the ſolution ceaſes, and the metal is no longer ated on. Mon- 
net, who made this obſervation, remarks, that when water is 
poured on the mixture, the action of the acid commences 
again; a phenomenon which ariſes from the water of the ſul- 
phuric acid being abſorbed by the ſulphat of iron already form- 
ed; and the portion of the acid, which is not yer ſaturated, 
having no power to act on the iron, till a new quantity of wa- 
ter begins the oxydation of that metal. The ſulphuric acid 
liſſolves more than half its weight of iron, and the ſolution fil- 
tered and evaporated, affords, by cooling, a tranſparent ſalt, 
of a beautiful green colaur, cryſtallized in rhomboids, called 
nartial vitrial, or green copperjus ; we term it ſulphat of iron. 
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This ſalt is not made in the direct way, becauſe it is 
dantly afforded by nature, and is eafily extracted by art from 
martial pyrites. Theſe ſulphures being expoſed to air for a cer. 
tain time, are decompoſed by moiſture ; a white effloreſcence 
appearing on their ſurface, which, by ſolution in water and 
cryſtallization, 1 is found to be ſulphat of iron. This decompo- 
fition of pyrites, according to Stahl, depends of double wool 
ties. Sulphur (ſays he), a compound of pblogiſton, and the witricli 
acid, 1s not decompoſable by water, nor by iron alone ; but when 
theſe ſubſtances are united, the iron ſeizes the phlogiſton of the 
ſulphur, its acid uniting to the water, and diſſolving the metal, 
The pyrites, which are the leaſt ſuſceptible of effloreſcence, 2 
For example, thoſe which are the moſt brilliant, being roaſted 
to drive off a portion of the ſulphur they contain, and after. 
wards expoſed to the air, readily effloreſce. The vitriol is ſe. 
parated by waſhing, and the ſolution of this ſalt immediately 
depoſits a certain quantity of iron, in the ſtate of ochre, for 
which reaſon the fluid 1s not evaporated, for the purpoſe of 
obtaining cryſtals, till this precipitate has fallen, Modem 
chemiſts have proved, that in the effloreſcence of the pyrites, 
the ſulphur which is divided as in its combinations with alk 
line ſubſtances, combines with a portion of oxygen, and forms 
ſulphuric acid, which, being diluted by the water of the at- 
moſphere, unites with heat to the iron, and diſſolves it. The 
neceſſity of the contact of air for the effloreſcence of pyrites, 


gives much force to this opinion; and the moiſture, which 


greatly favours the vitriolination, acts in this caſe as it does in 
the ſolution of iron; this is the cauſe of the hydrogen g 
which is diſengaged when the operation is made in a vs 
Sulphat of iron is of an emerald green colour, and bas 
very ſtrong aſtringent taſte ; it ſometimes reddens ſyrup « 
violets, but this effect is not conſtant; its cryſtals contain, ac- 
cording to Kunckel and Monnet, more than balf their weight 
of water; if it be heated briſkly, it liquifies like all falts, 
which are more ſoluble in hot than in cold water; it becomes 
of a whitiſh grey by drying; if it be heated by a more violent 
fire, a portion of its acid eſcapes under the form of ſulphure- 
ous gas, and ** 
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named colcethar, Sulphat of iron, calcined to redneſs, attracts 
the humidity of the air very ſenſibly, on account of a portion 
of ſulphuric acid ĩt contains. Diſtilled in a retort placed in a 
reverberatory furnace, this (alt affords firſt, water flightly acid, 
called dero of witricl. The receiver is to be changed, in order 
to obtain ſeparately the concentrated ſulphuric acid, which, 
when the heat is very ſtrong, paſſes over of a black colour, and 
erhaling a ſuffocating ſmell of volatile ſulphureous acid. Theſe 
characters depend on its being deprived of a part of its oxygen, 
which is fixed in the iron, according to the doctrine of the 
gaſes ; towards the end of the operation, the acid which comes 
over takes a concrete and cryſtalline form, and is diſtinguiſhed 
by the name of glacial ſulphuric acid. This experiment, de- 
{cribed by Hellot, did not ſucceed with Baume, though it is ad- 
mitted as certain by moſt chemiſts. When glacial ſulphuric 
acid is diſtilled in a ſmall retort, it gives out ſulphuteous gas, 
and comes over white and fluid; its concrete ſtate is therefore 
owing to the preſence of this gas ; it unites with water with 
noiſe and heat, ſulpbureous gas being at the ſame time diſen- 
raged. The fuming vil of witril of Noorthaufſen is of this kind, 
and the concrete ſalt obtained from it by a gentle heat, of which 
[ have given an analyſis in a memoir publiſhed W thoſe of 
the Academy for the year 1785. | 

The reſidue of ſulphat of iron, after diſtillation, is nal and 
{imilar to colcothar. When waſhed with water, a white ſalt 
little known, and named /a/t of colcothar, or fixed ſalt of vitrial, 
is ſeparated ; a red inſipid earth, which is a pure oxyd of iron, 
and is called faucet earth of vitriol, remains behind. 

Sulphat of iron expoſed to the air becomes yellowiſh, and 
covered with ruſt ; oxygen being gradually abſorbed, oxydates 
the iron more and more, ſo that it cannot remain united with 
the ſulphuric acid. The ſolution of this ſalt exhibits the ſame 
phenomenon, by the contact of the atmoſphere, and both may 
ſerve the purpoſe of an eudiometer. This ſalt is ſoluble in 
twice its weight in cold, or in a leſs quantity of hot water ; 
but as ſoon as the water is ſaturated, it appears turbid, by a 
more or leſs conſiderable quantity of ochre which ſeparates ; 
the fluid being filtered, and ſuffered to cool, affords rhomboidal 
cryſtals, of 2 pale tranſparent green; the remaining fluid being 
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again evaporated, affords a new quantity of cryſtals by cool. 
ing; and when all the cryſtals have been obtained, that the 
ſolution is capable of affording, a mother water, of a blackig, 
green, or brown yellow, remains, which is no longer capable 
of cryſtallizing ; this being evaporated by a ſtrong heat, and 
ſuffered to cool, appears to be a ſoft unftuous maſs, ſtrongly 
attracting the humidity of the air; when evaporated to dry. 
neſs, it affords a greeniſh yellow powder, According to Mon. 
net, the mother water of ſulphat of iron contains iron in the 
ſtate of a perfect oxyd: this chemiſt aſcertained the fact, by 
immediately diflolving, with the aſſiſtance of heat, a true oxyd 
of iron-in this acid; the ſolution was brown, and incapable of 
cryſtallizing, 7 

The oxyd of iron may be ſeparated from the mother water, 
not only by the earth of alum, but likewiſe by copper and iro 
filings, which does not happen to perfect ſulphat of iron. A 
well charged ſolution of this ſalt being . expoſed to the air, is 
converted, after a certain time, into mother water, ſimilar to 
the foregoing, by attracting the oxygen of the atmoſphere, 

Sulphat of iron is decompoſed by lime and alkalies : lime. 
water poured into a ſolution of this ſalt, forms a precipitate 
in flocks, of a deep olive green ; a portion of this precipitate 
is rediſſolved in the lime water, and communicates to it a red. 
diſh colour. I have communicated two Memoirs to the Acz- 
demy, in the years 1777 and 1778, concerning the precipitate 
of iron obtained by cauſtic and non-cauſtic alkalis, in which! 
have carefully deſcribed the phenomena of their precipitation, 
and the ſtate of the iron in the different circumſtances. I ſhall 
here relate the principal circumſtances relative to ſulpbat ot 
iron. Cauſtic fixed alkali precipitates the ſulphuric ſolution 
of iron in flocks of a deep green, which are diſſolved again, in 
ſome meaſure, by the alkali, and form a kind of martial tinc- 
ture, of a beautiful red ; when leſs of the alkali is added, the 
precipitate may be collected, and a blackiſh ithiops, or black 
oxyd of iron, is obtained, if it be dried quickly in cloſed ve 
ſels. Without theſe two precautions, the iron quickly becomes 
oxydated, becauſe it is very much divided and moiſt. Potall, 
ſaturated with the carbonic acid, or the carbonat of potalh, 
forms a precipitate of a greeniſh white colour, not ſoluble u 
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the alkali ; this difference ariſes from the preſence of the car- 
honic acid, which ſeizes the iron, in proportion as it is itſelf 
ſeparated from the alkali by the ſulphuric acid ; the pure or 
cauſtic ammoniac ſeparates from the ſolution of ſulphat of iron 
2 precipitate- of ſo deep a green, that it appears black; it is 
not ſoluble in the ammoniac. By ſudden drying, without the 
contact of the air, it may be obtained black, and obedient to 
the magnet. The precipitate formed by concrete ammoniac, 
or ammoniacal carbonat, is of a greeniſh grey: it is partly re- 
diſſol ved in this ſalt, and communicates a red colour; an event 
imilar to what happens when the precipitations are made by 
fixed alkali, The fixed alkali diſſolves only a ſmall portion of 
the precipitated iron, but a well ſaturated carbonat of potaſh 
diſſolves it readily, k 
Vegetable aſtringent matters, ſuch as nut-galls, ſumac, rind 


of pomegranates, huſks of nuts, quinquina, cypreſs nuts, log- 


wood, tea, &c. have the property of precipitating ſulphat of a 
black colour : this precipitate, which cannot be miſtaken for 
iron, is ſo extremely divided, that it remains ſuſpended in the 
fuid; the addition of gum arabic to the mixture, cauſes the 
iron to be permanently ſuſpended, and forms a black fluid, 
known by the name of int. It is not well decided what hap- 
pens during this experiment. Macquer, Monnet, and moſt 
chemiſts, conſider the precipitate of ink as iron united to a 
principle of the nut-gall, which diſengages it from the acid; 
they ſeem to think that this principle is an oily ſtate. Gioa- 
netti, phyſician at Turin, has made many experiments on iron 
precipitated from its ſolutions by aſtringents. Theſe inquiries, 
which are to be found in his Analyſis of the Waters of St. Vin- 
cent, ſhow, that the precipitate is not attracted by the load- 
ſtone; that it becomes attractable by heating in a well cloſed 
eſſe; that it is ſoluble in acids, without efferveſcence ; that 
theſe ſolutions do not become black on the addition of freſh 
galls, which ſhows that the iron is united to the aftringent 


principle, and is in the ſtate of a kind of neutral ſalt. In the 


third volume of the Elements of Chemiſtry of the Academy of 

Dijon, there is a ſerles of experiments on the vegetable aſtrin- 

gent principle, which ſeem to aſſimilate this ſubſtance to acids; 

in fact, it reddens blue vegetable colours, unites to alkalis, de- 
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compoſes alkaline or earthy ſulphure, diſſolves and appears t» 


neutralize metals, decompoſes all metallic folutions with par. 
ticular phenomena; riſes in diſtillation without being deprived 
of its action on metals, and prefents a great number of othe; 
properties, concerning which, the order we have adopted will 
not permit us to enlarge. 

This inquiry of the academicians of Dijon has been con. 
firmed by the refearches of Scheele. This celebrated chemiſt 
has: diſcovered, that a ſimple infuſion of nut-galls in water af. 
fords by ſeparation a peculiar cryſtallizable acid, which take, 
iron from many other acids, and colours it black, becauſe it 
approaches to the metallic ſtate. We call this falt the pull; 
acid, and ſhall give an account of it in the hiſtory of the vege. 
table kingdom. 

The decompoſition of gupbas of iron, by an alkali calcined 
with bullock's blood, is a phenomenon ſtill more difficult to he 
underſtood than the action of the nut-gall on this ſalt ; the pre. 
cipitate' obtained is of a beautiful blue colour, and inſoluble in 
acids. This precipitate is called Pruf/ion or Berlin blue, from 
the place of its difeovery. Stahl reports, that a chemiſt named 
Dieſbach, having borrowed ſome fixed alkali from Dippel, to 
precipitate a ſolution of cochineal, mixed with. a ſmall quan- 
tity of alum and ſulphat of iron, the latter gave him an al- 
kali from which he had diſtilled his animal oil; the ſalt pre- 
cipitated the ſolution of Dieſbach of a blue colour. Dippel 
examined the cauſe of this precipitate, and by a leſs compli 


. cated proceſs, prepared the Pruſſian blue, which was mention- 


ed in the: year 1710, in the publication of the Academy of Ber- 
lin, but without any detail reſpecting the operations. Several 
chemiſts laboured earneſtly to produce the ſame, and ſucceeded. 
But it was not till the year 1724, that Woodward publiſhed, 
in the: Philoſophical TranſaQions, a proceſs for preparing this 


colouring ſubſtance. 


To form Pruſſian blue, four ounces of nitre fixed by tartar are 
mixed with an equal weight of dried ox's blood; this mixture 
is-calcined in a crucible till it reſembles coal, and no longer 
produces any flame; a ſufficient quantity of water is then ad- 


died to diſſolve all the ſaline matter, which is called phlogifticate 


allali, or colouring lixivium, and is concantrated by evaporation; 
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two ounces of ſulphat of iron, and four ounces of ſulphat of 
alumine, are afterwards diſſolved in a pint of water; the ſo- 
lution of theſe ſalts is mixed with the alkaline lixivium, a 
greeniſh precipitate falls down, which is ſeparated by the fil- 
ter, and muriatic acid being poured on it, it immediately be- 
comes of a more beautiful and deeper blue, and is to be then 
dried by a mild heat, or by expoſure to the air. 

Many chemiſts have, fance the time of Woodward, e 
to the theory and preparation of Pruſſian blue. With regard 
to its preparation, it is now known that a great number of ſub- 
ſtances are capable of communicating to the alkali the property 
of precipitating iron of a blue colour. 

Geoffroy, in the Memoirs of the Academy for the year 
1725, communicated this property to alkalis with all kinds of 
animal coals. Baume affirms, that the phlogi/ticated alkali may 
likewiſe be prepared by the coals of vegetable ſubſtances, pro- 
vided a ſtronger heat be uſed. Spielman made it with bitu- 
mens, and Brandt with ſoot. The manufactories of Pruflian 
blue'are become numerous, and each, as it ſeems, uſe different 
matters for their preparation. M. Baunach informs us, that 
in Germany, the nails, horn, and ſkins of oxen are uſed. All 
animal matters do not, however, appear proper to phlogiſticate 

the alkali; they have in vain attempted to prepare it with the 


gall of the ox, by a proceſs ſimilar to that which is executed 


with the blood. I obtained only an alkali, with preeipitated 
vitriol of a greeniſh white, and the precipitate was entirely 
ſoluble in muriatic acid. 

Chemiſts have differed greatly on the theory of Pruſſian 
blue. Brown and Geoffroy conſidered it as the phlogi/ftic part of 
iron, developed by the lixivium of blood, and transferred to 
the earth of: alum : the Abbe Menon imagined that it was the 
pureſt iron, diſengaged from every foreign ſubſtance by the 
Phlogiſticated alkali : Macquer, in a Memoir which has juſtly 
deſerved the name of Maſterpiece from every chemiſt, and is 
inſerted in the Memoirs of the Academy for the year 1752, 
has refuted. the opinions of theſe authors; he thinks the Pruſ- 


lan blue conſiſts of iron, combined with an exceſs of the in- 


lammable principle afforded by the phlogi/ticated alkali, which 
tus laſt obtained from the blood. He obſerves, 1. That Prufs 
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ſian blue, expoſed to the fire, loſes its colour, and becomes 
{imple iron. 2. That this blue is not at all ſoluble in acid, 
however ſtrong. 3. That alkalis are capable of diſſolving the 
colouring matter of Pruſſian blue, and of becoming, ſaturateg 
therewith : for this purpoſe, an alkaline lixivium is to be heat. 
ed on Pruſſian blue, till it ceaſes to diſcolour that pigment, 
This alkali, ſaturated with the colouring matter of Pruſſian 
blue, is found to be deprived of moſt of its properties; it is 
no longer cauſtic nor efferveſcent with acids; among the earthy 
ſalts. it decompoſes only the barytic ; it precipitates all metallic 
falts, and it ſeems that this decompoſition takes place by vir. 
tue of a double affinity, that of the acid on the alkali, and 
that of the metallic oxyd on the colouring matter united to the 
ſalt. An alkali, in this manner, is capable of diſcolouring the 
twentieth of its weight of Pruſſian blue, and is then ſaturated 
with the colouring matter; acids diſengage a ſmall quantity of 
blue fecula from it, and it immediately precipitates * of 
iron in the form of perfect Pruſſian blue. 

With regard to the alkali prepared in the uſual way, Mac- 
quer obſerves, that it is very far from being entirely ſaturated 
with colouring matter; and that, on this account, it firſt pre. 
cipitates the ſolution of ſulphat of iron of a green colour; in 
fact, it is the portion of alkali which is ſaturated that pre- 
cipitates the iron of a blue colour; but the portion which is 
not ſaturated precipitates the iron in the ſtate of ochre, which 
renders the blue precipitate green by the mixture of this laſ 


colour with yellow. In this ingenious theory, the acid poured 


on the precipitate ſerves to diflolve the portion which is nct 
in the ſtate of Pruſſian blue, and conſequently renders the co- 
lour of this laſt more intenſe ; the alum added to the ſolution 
of ſulphat of iron ſaturates the alkali, which is not charged 
with colouring matter, and the earth of this ſalt, depoſited with 
the Pruſſian blue, renders it leſs deep. As it is neceſſary to 
pour an acid on the precipitate of ſulphat of iron, in order to 
render the Pruſſian blue more lively ; this acid may be added 
to the alkali before it is uſed to precipitate the iron, in which 
caſe, the acid ſaturating the portion of pure alkali does not 
unite to that which is charged with the colouring matter, and 
therefore leaves it capable of inſtantly forming a fine Pruſian 
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blue. This alkali, partly p-logi/icated by bullock's, blood, may 
be fully ſaturated by digeſting it on Pruſſian blue, till it ceaſes 
to deprive it of its colour. Macquer obſerved, that this al- 
kali ſaturated with acid, is a good teſt to diſcover the preſence 
of icon in mineral waters; but Baume has remarked, that the 
liquor itſelf contains a certain quantity of Pruſſian blue, which 
might be productive of error: he therefore propoſes to digeſt 
it for a ſufficient time in a mild heat, with a ſmall quantity of 
rinegar, that it may depoſit all the blue matter it contains. 
Such was the admirable ſeries of experiments made by Mac- 
quer on the Pruſſian blue; but this celebrated chemiſt was 
himſelf ſenſible how much remained to be done, eſpecially with 
teſpect to the nature of the colouring-ſubitance : he could not 
be perſuaded that it was pure phlogiſton, becauſe on that ſup- 
polition it was difficult to determine how the iron, overcharged 
with that principle, became deprived of the property of obey- 
ing the magnet, aad of folubility in acids, which, according to 
Stahl, are conſequences of the preſence of phlogiſton in this 
metal, Morveau is the firſt, who, in his excellent Diſſertation 
on Phlogiſton, has attempted to diſcover the nature of the co- 
louring part of Praſhan blue. From two drachms of this com- 
pound he obtained by diſtillation twenty-two grains of a yellow 
empyreumatic liquor, which cauſed an efferveſcence with alka- 
line carbonats, ſtrongly reddened blue paper, and of which 
Geoffroy and Macquer, who likewiſe diſtilled Pruſſian blue, 
have made no mention. | cl = 
Sage, in the year 1972, communicated to the Electoral Aca- 
demy of Mentz, a Memoir on the phlogi/ticated alkali, which he 
calls animal ſalt. The lixivium of the fixed alkali treated 
with blood, and digeſted on the Pruſſian blue, acgording to the 
manner of Macquer, is, as Sage affirms, a neutral ſalt, formed 
by the animal acid and fixed alkali, and affords; by ſpontaneous 
evaporation, cryſtals which are either cubical, octahedtal, or 
quadrangular prifms, terminated by four- ſided pyramids: This 
alt decrepitates on charcoal, melts by a violent fre into a ſemi- 
tranſparent maſs, ſoluble in water, and proper to form Pruſſian 


blue. Sage thinks, that the acid which neutralizes the alkali 


in this (alt, is the phoſphoric, becauſe when a mixture of alkali 
and bullock's blood are ſtrongly heated, it melts and emits acrid 
ol. II. D 4d 
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vapours, accompanied with white and brilliant ſparks, which, 
according to him, are burning phoſphorus. This opinion fe. 
ſpecting the acid of the Pruſſian alkali would be proved, if, on 
the one fide, phoſphorus were obtained -by. diſtillation with 
charcoal, which likewiſe would take place with reſpe& to the 
Pruſſian blue; and if, on the other fide, Pruſſian blue could 
be formed by combining phoſphat of ſoda, or of potaſh, with z 
ſolution, of iron: but as Sage has not related any expetiment; 
of this nature in his Memoir, his theory cannot be admitted. 
The chemiſts of the Academy of Dijon have adopted part of 
this laſt doctrine: in their Elements they conſider the phlogj. 
ſticated lixivium as a ſolution of a neutral falt ; they adviſe the 
cryſtallizing it by evaporation, inſtead of purifying it by yi. 
negar, as Baume propoſed, This ſalt is very pure according 
to them, and canſes a detonation when thrown on nitre in fu. 
fion : they have ſaid nothing concerning its decompoſitions, 
and the nature of its principles; they call it the cryſtallized 
Pruſſian alkali. | 
Bucquet having precipitated by the muriatic acid, and filter. 
ed a lixivium prepared for Pruſſian blue, obſerved that this al. 
kali, though very clear, and apparently deprived of all the 
Pruſſian blue it might contain, nevertheleſs depoſited a blue 
powder. After having filtered it more than twenty times in 
the ſpace of two years, to ſeparate the Pruſſian blue which was 
depoſited after each filtration, he at laſt found that the liquor 
was no longer capable of affording Pruſſian blue with the ſolu- 
tion of ſulphat of iron. I have ſtill by me a ſmall portion of 
this Jixivium, which has been prepared for near eight years: 
it is two years ſince it has depoſited any precipitate, but it has el 
depoſited a light blueiſh covering on the ſides of the glaſs in 
which-it is contained, and has itſelf preſerved a ſimilar colour, fi 
I have had occaſion twice to obſerve this phenomenon fince | = 
firſt heard it mentioned by Bucquet in his lectures, and I think ph 
it is conſtant. The Duke de Chaulnes ſhowed Macquer a co- ny 
louring lixivium, which did. not afford Pruſſian blue when 
previouſly mixed with an acid. This chemiſt ſuppoſes that it 
ariſes from its having been prepared in metallic veſſels, Fron 
the obſervation before recited, Bucquet ſuppaſed, 1. That the 
Pruſſian blue js entirely contained in the alkali, which ſerve 
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to precipitate it. 2. That acids alone are ſufficient to ſeparate 
it from the alkali, 3. That when this alkali, at the end of a 
certain time, has depoſited all the colouring matter it contains, 
it is no longer proper to form Pruſſian blue. mr 

The Journal de Phyſique for the year 1778 contains obſerva- 


tions on Pruſſian blue, by M. Baunach, apothecary at Metz, 


which greatly favour the opinion of Bucquet. After having 
deſcribed the proceſs employed in the manufactories in Ger- 
many to prepare Pruſſian blue, M. Baunach affirms, that the 
lixivium made in theſe manufactories by the fuſion. of alkali, 
and of the hoofs, horns, and ſkins of oxen, precipitates all the 
metals, and even calcareous earth, of a blue colour. Ibis al- 
kali diſſolves the metals after baving precipitated, them, and 
they may be ſeparated of a very beautiful blue colour by the 
muriatie acid. The ſingular facts related in this memoir, ſuch 
33 the diſtillation of Pruſſian blue produced by this lixivium, 
which affords neither oil nor ammoniac; the ſolubility of the 
blue precipitate (formed by the muriatic acid poured on this 


lxivium) in the nitric acid; the calcareous earth found in ſo- 


lution in the latter acid, which diſcoloured the blue; a pecu- 
liar and phlogiſticated earth which he did not ſucceed in diſ- 
ſolving ; do not theſe circumſtances prove that this blue is not 
of the ſame nature with that which is precipitated from the 
common phlogiſticated lixivium in which Macquer Goren 
Iron that could only. come from the blood? + 
Since theſe various inquiries into the nature of Pruſſian __ 
Scheele has made a number of new reſearches, which, together 


with certain obſervations not yet mentioned, tend greatly to 


elueidate the nature of this production. 

1. The Pruſſian blue of commerce, diſtilled with 2 naked 
fre, affords a very large quantity of hydragen- gas, together 
with oil, ammoniacal carbonat, and a ſmall quantity of acid 
phlegm. This gas burns blue like the inflammable air of 
marſhes; its ſmell is empyreumatic ; lime water gives it the 
property of burning with a red colour, and of detonating with 


vital air, becauſe it abſorbs a portion of the carbonic agid with 


which it was united. Laſſone conſidered the gas of Pruſſian 

blue as a peculiar inflammable gas. Pruſſian blue, after this 

analyſis, has the form of a blackiſh powder, obedient to the 
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magnet. Before it takes this colour, it is of an orange colour, 
as Morveau has obſerved : the laſt mentioned chemiſt even 
thought that Pruſſian blue, after it has been converted to an 
orange colour by heat, might be uſeful as a pigment. 

2. Ammoniac heated on Pruſſian blue decompoſes it, by ſeiz. 
ing its colouring matter, and leaves the iron in the ſtate of 2 
brown oxyd. Macquer announced this fact in the year 1752, 
Meyer, who ſucceeded him, gave the name of 7inging liquor to 
this volatile alkali, ſaturated with the colouring part of the 
blue, and adviſes the uſe of it in the analyſis of mineral wz. 
ters. I have obſerved, that when the cauſtic ammoniac is di. 
ſtilled from Pruffian blue, the fluid which paſſes over has not 
the property of giving a blue colour to the ſolutions of iron, 
whence it follows, that the colouring principle is not as vola. 
tile as the ammoniac. When a portion only of this ſalt is di- 
ſtilled over, the reſidue is of an olive green; if this be diluted 
with diſtilled water and filtered, it is found to be charged with 
the colouring matter, and affords a very lively Pruſſian blue 
when added to ſulphat of iron. 

2. In the year 1780, I diſcovered that lime water digeſted 
by a ſlight heat on Pruſſian blue diſſolves the colouring mat. 
ter; the combination is quickly effected, the lime water being 
coloured, and the Pruſſian blue aſſuming a ruſty appearance; 
the lime water, after filtration, 1s of a beautiful clear yellow 
colour, no longer capable of converting ſyrup of violets to 
green ; no longer of an alkaline taſte, nor precipitable by the 


| carbonic acid; it does not unite with other acids; and, in 2 
word, it is neutralized by the Pruſſian colouring matter, and 


affords, when poured on the folution of ſulphat of iron, a very 
fine blue, which does not need an acid to enliven its colour. 
Scheele ſpeaksvof this Pruſſian lime water doubtleſs without 
being previouſly acquainted with my experiments on the ſub- 
je&, though they were inſerted in my Elements of Chemiſtry, 
printed in the year 1781. He, as well as myſelf, confiders this 
combination as the beſt of thoſe which have been propoſed 3 
teſts of the preſence of iron, becauſe it does not contain any, 
or at leaſt only a very minute portion of Pruſſian blue ready 
formed. 

4. Cauſtic fixed alkalis diſcolour the Pruſſian blue immed- 
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ately in the cold. I have obſerved that a conſiderable heat is 

aced in theſe experiments; that the alkalis in a ſtate of 
purity diſcolour a much greater quantity of Pruſſian blue than 
thoſe which are ſaturated with carbonic acid, and that they 
precipitate a larger quantity of the blue with ſolutions of iron. 

5. I found that magneſia has likewiſe the property of diſco- 
louring Pruſſian blue, though much more weakly than lime- 
water. 

6. Pruſſian blue thrown in powder on melted nitre produces 
ſome ſparkles, which denote that 1t contains a combuſtible mat- 
ter, | 

7. Pruſſian blue prepared without alum becomes ſtrongly 
attrated by the magnet by a ſlight calcination ; but the Pruſ- 
fan blue of commerce never acquires that property by the ac- 
tion of fire. 

8. Pruſſian blue diſcoloured by alkaline matters, and in the 
ſtate of oxyd of iron, reaſſumes a blue colour when an acid is 
added: this circumſtance ſeems to depend on the whole of the 
colouring matter not being taken away by the firſt action of 
the alkalis, and that a portion is defended by the external ſtra- 
tum of ferruginous oxyd. 

All theſe facts ſnow that the colouring part of Pruſſian blue 
is a peculiar acid, which ſaturates alkalis, and forms neutral 
ſalts. This opinion is adopted by many chemiſts, and in parti- 
cular by Scheele, whoſe reſearches on this matter only remain 
to be related. This celebrated chemiſt has proved by his ex- 
periments, 1. That a lixivium of blood, or phlogiſticated al- 
kali, is decompoſed by the carbonic acid of the atmoſphere, 
and that all the other acids ſeparate the colouring matter. 
2. That this colouring matter 1s fixed and retained 1n the lixi- 
vium by a ſmall quantity of iron, or of pure ſulphat of iron. 
3. That when it is diſengaged by acids in diſtillation, it fills 
the receiver with a vapour, which precipitates the folutions or 
iton of a blue colour. 4. That Pruſſian blue diſtilled without 
addition, as well as the lixivium of blood, affords, together 
with the colouring matter, foreign products, which alter it, 
ſuch as ſulphur ; and that the colouring matter cannot be had 
pure by this proceſs. 5. That Pruſſian alkalis - diſtilled with 

the ſulphuric acid precipitate a large quantity of Pruſſian blue, 
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and afford a liquor charged with the colouring matter, The 
portion of blue precipitated in this operation depends on the 
iron diſſolved in theſe triple ſalts, or combinations. of alkalis, 
colouring matter, and iron, 6. That the oxyd of mercury or 
red precipitate ſeizes the colouring matter of Pruſſian blue, or 
pruſſiat of iron, by ebullition, in double their weight of wa. 
ter; and that if this mercurial Pruſſian lixivium be diſtilled 
with the addition of iron and ſulphuric acid, the iron reduces 
the mercury, and the acid diſengages the colouring matter; 
this laſt becoming diſſolved in the water of the receiver, in 
proportion as it is diſengaged, and retaining a portion of ſul. 
phuric acid. To ſeparate them, Scheele mixes a ſmall quan. 
tity of chalk with the liquor, and diſtils by a gentle heat: the 
colouring matter paſſes over in a ſtate of great purity, and as it 
is diſengaged in the form of an elaſtic fluid, as Monge alſo ob- 
ſerved, it may be received in water by the aſſiſtance of tubes, 
or the pneumato- chemical apparatus, which has already been 
often mentioned.” 

After theſe reſearches concerning the affinities of the colour. 
ing Pruſſian matter, its adherence with alkalis, and the method 
of obtaining it perfectly pure, Scheele, in a ſecond Memoir, in- 
quires into the nature of this ſubſtance, and its combinations 
with alkalis and metallic oxyds ; and though his experiments 
are numerous, and very accurate, he does not prove that the 
colouring matter is a peculiar acid; on the contrary, he proves 
that it contains inflammable gas, ammoniac, and a carbonaceous 
principle. He, however, has obſerved, that it poſſeſſes the pro- 
perty of coagulating ſoap, and precipitating hepars ; and he calls 
it the colouring acid, in a letter to Crell. Morveau calls this 
ſubſtance by the name of Pruſlic acid, and diſtinguiſhes its ſa- 
line combinations, according to his-nomenclature, by the names 
of Pruſſiats; as, for example, pruſſiats of potaſh, of ſoda, of 
ammoniac, &c. In a note by the tranſlator of Scheele, it is al 
ſerted, that this acid is decompoſed by the acid of nitre ; and 
a proceſs of Weſtrumb, to obtain the pruſſiat of potaſh in 
ſtate of great purity, is given. It conſiſts in ſaturating cauſtic 
vegetable alkali with the colouring matter, digeſting it o 
gohite lead, to deprive it of the hepatic gas it may contain, mi- 
ing it with diſtilled vinegar, and expoling it to the ſun, # 
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Scopoli and Father Bercia adviſed to precipitate. the iron; 
after which two parts of rectified ſpirit of wine are add- 


ed. The pruſſiat of potaſh is then depoſited in lamellated and 


brilliant locks, which being waſhed in freſh ſpirit of wine, is 
afterwards dried, and diflolved in diſtilled water. Scheele, 
three months after Weſtrumb, forwarded to Crell an analogous 
proceſs for obtaining a proof liquor, which might be depend- 
ed on as a teſt of the preſence of iron. 


Berthollet has made experiments upon the aruſſic acid, or 


colouring matter of Pruſſian blue, ſince all theſe chemiſts. Al- 
though-the reſearches of this learned philoſopher have not yet 
proved entirely ſatisfactory to himſelf, they nevertheleſs con- 
tain facts and experiments of ſufficient novelty and importance 
to induce us to inſert, in this place, an extract of his Memoir, 
which he has had the goodneſs to communicate to us. 


Berthollet, in the firſt place, diſtinguiſhes two kinds of pruſ- 


fat of iron; the one which is the common Pruſſian blue, and 
the other which is the ſame Pruſſian blue deprived of a por- 
tion of the pruſlic acid. He calls this pruſſiat of iron with exceſs 
if oxyd, Pruſſian blue is in this laſt ſtate after it has been diſ- 
coloured by an alkali. To ſeparate this exceſs of oxyd, he uſes 
the muriatic acid, which diſſolves it, and leaves the pruſſiat of 
iron neutral. He obſerves with Landriani, that, when the al- 
kali is digeſted with heat upon the Pruſſian blue, the alkaline 
pruſſiat which is formed diſſolves more of the oxyd of this me- 
tal than when the digeſtion is made in the cold. Both theſe 
chemiſts think that an acid added to this triple combination 
unites to the exceſs of oxyd of the iron, and cauſes the Pruſſian 
blue to be depoſited in the ſame manner as when the pure pruſ- 
hat of potaſh is added to a ſolution of iron. They add like- 
wiſe, that heat cauſes a precipitate to fall down from this com- 
bination, which conſiſts of a yellow pruſſiat of iron, that 1s to 
lay, with exceſs of oxyd of iron. According to them, the acid 
which is added ſeizes the exceſs of oxyd of iron, and ſuffers the 
precipitate of Pruſſian blue to fall down, which is then leſs ſo- 
luble in the alkaline pruſſiat. When the pruſſiat of potaſh, 
prepared by a gentle heat, has depoſited the pruſſiat of iron, 
with exceſs of oxyd ob this metal, by ebullition, it may be eva- 
porated to dryneſs, rediſſolved in water, and mixed with acids, 
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without depoſiting Pruſſian blue. Berthollet affirms, that, from 
the evaporation of the ſolution of pruſſiat of potaſh thus puri- 
fied, octahedral cryſtals are obtained by evaporation, two of 
whoſe pyramids are truncated in ſuch a manner as to repre. 
ſent ſquare plates, whoſe edges are chamfered off s. 

This chemiſt having mixed a ſolution of theſe cryſtals with 
the ſulphuric acid, and expoſed the whole in a bottle to the 
rays of the ſun, ſaw, that a ſhort time afterwards a blue co. 
lour was developed, which formed a precipitate until its total 
decompoſition. A like mixture, preſerved in a dark place, did 
not become blue, nor afford a precipitate even at the end of ſe. 
veral months : a ſtrong heat produces abſolutely the ſame ef. 
fect. From theſe experiments, Berthollet thows on what in. 
accurate information the proceſſes recommended. for purifying 
the alkaline pruſſiats were founded; for, ſaid he, they were 
decompoſed for the moſt part, inſtead of depriving them of 2 
portion of Pruſſian blue, which chemiſts pretended was only 
accidentally mixed with it. As the pruſhat of potaſh is a tri. 
ple ſalt, the pruſſic acid has only a very flight adheſion to the 
potaſh, and 1s ſeparated by all the other acids. In proportion 
as the foreign acid unites to the potaſh, part of the pruſſie acid 
unites to the oxyd of iron, forming Pruſſian blue; and the 
other is volatilized in the ſtate of acid, or reduced to its prin- 
ciples. 

The iron which is precipitated by the alkaline pruſſiats re. 
tains, according to Berthollet, a confiderable portion of thoſe 
ſalts: it may be deprived of them by repeated waſhings. Thelc 
lixiviums contain the alkalis combined with 2 ſmall portion of 
pruſſic acid; and the pruſſiats, with exceſs of alkali, are not 
carried off until the exceſs of acid in the ſolution of iron is 
carried off by the firſt waſhings ; for the latter lixiviums pre- 
cipitate iron in the form of Pruſſian blue from its ſolutions, 
though the firſt do not. 

He did not find any ſenſible difference between the pruſſiats 
of potaſh and of ſoda, excepting that the latter cryſtallizes dis- 
ferently: the mineral acids diſengage the pruſfic acid, partly 
fixed in the Pruſſiau blue, which falls down; it is this which 
engaged Scheele to contrive another combination, from which 
he could obtain the pure acid with greater facility, and upon 
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which Berthollet makes ſome obſervations, This proceſs cen- 
its, as we have already obſerved, in boiling the red oxyd of 
mercury in diſtilled water, together with Pruffian blue; the 
pruſſie acid quits the oxyd of iron to unite with the oxyd of 
mercury, with which it has a ſtronger attraction, and forms a 
ſoluble ſalt, which cryſtallizes in tetrabedral priſms, terminat- 
ed by quadrangular pyramids, whoſe planes anſwer to the 
angles of the priſm. Iron and concentrated ſulphuric acid are 
added to the filtrated lixivium ; the iron unites with the oxy- 
en of the mercury, and combines with the ſulphuric acid ; 
the mercury falls down with its metallic brilliancy. Scheele 
afterwards diſtilled this mixture with a gentle heat, in order 
to volatilize only the pruſſic acid; but he found, that however 
light the heat was, it always paſſed, mixed with a ſmall quan- 
tity of ſulphuric acid. To obviate this difficulty, he added a 
certain quantity of chalk to fix the ſulphuric acid. Upon this 
addition, Berthollet takes notice, that, as Scheele did not ſpe- 
cify the doſe of this ſubſtance, it was yery eaſy to fail in the 
operation, if the chalk exceeded a little the point of ſaturation 
of the ſulphuric acidy for calcareous pruſſiat would then bs 
formed, which, by the law of double affinities, - would decom- 
poſe the ſulphat of iron, | | | 
Berthollet found that the ſulphuric acid diſengaged only a 
ſmall quantity of acid from the pruſſiat of mercury; that it 
united, for the moſt part, with this ſalt, without decompoſing 
it, and formed a triple ſalt, cryſtallizing in ſmall needles. Ac- 
cording to his experiments, the muriatic acid diſengages more 
acid from the pruſſiat of mercury than the foregoing, and e- 
qually forms a triple ſalt, capable of cryſtallizing in needles, 
and much more ſoluble than the corroſive mercurial muriat. 
Alkalis and lime precipitate this triple ſalt of a white appear- 
ance. Berthollet proves that the alkaline pruſſiats do not pre- 
cipitate barytes from its ſolutions, as Bergman had thought, 
but that they form triple ſalts. He ſhows that they precipi- 
tate alumine. The precipitate they form with this ſubſtance 
is not altered by the ſulphuric acid; but, digeſted with the 
ſulphat of iron, it forms Pruſſian blue. 
The pruflic acid decompoſes the oxygenated muriatic acid, 
abſorbs its oxygen, and becomes fragrant, In this ſtate it 
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does not appear to have a great tendency to alkaline ſubſtances, 
for they ſcarcely diminiſh its ſmell. It does not precipitate 
iron of a blue, but of a green colour; and this green precipi. 
tate is ſoluble in acids. It becomes blue by the contact of the 
ſun's rays, as well as by the addition of the ſulphureous acid 
and iron. The ſame phenomena happen when the oxygenated 
muriatic' acid, ſulphat of iron, and pruſſiat of potaſh, are mix. 
ed together. Hence Berthollet thinks that Pruſſian blue is not 
alterable by light and by the ſulphureous acid, and that it i; 

to the abſorption of oxygen that it owes its your colour, its 
ſolubility in acids, &c. 

If the pruſſic acid be ſurcharged with oxygenated muriatic 
acid, and afterwards expoſed tq the luminous rays, it aſſumes 
new characters; it no longer combines with the oxyd of iron 
nor with water, at the bottom of which it flows in the form of 
oil, and with an aromatic odour. If in this ſtate more oxy. 
gen be added, and it be left in the ſun, it cryſtallizes in the 
form of ſmall white needles. This acid, thus oxygenated, is 
reduced into vapours at a gentle temperature: theſe vapour 
are not ſoluble in water, and nevertheleſs are not combuſtible, 
Berthollet has not yet been able to determine what paſſes in 
this operation. Does the pruſſic acid ſimply unite with oxy- 
gen without alteration, or is one of its principles burned ? We 
ſhall more willingly adopt this laſt idea with him, for though - 
the oxygen appears to be only ſlightly adherent to the pruſſic 
acid, it can no longer be reſtored when it has been thus treat- 
ed with oxygenated muriatic acid. 

When the pruſſic acid has been put in the fituntion to form 
a green precipitate with iron, by means of the oxygenated mu- 
riatic acid, ammoniac 1s formed as ſoon 'as it is mixed with 
alkali or lime. An acid poured into this laſt mixture no longer 
reſtores the odour peculiar to the pruſſie «cid. Berthollet con- 
cludes that it is deſtroyed. Though he employed perfectly 
pure potaſh, yet an acid poured on after its action, produces 
an efferveſcence, and diſengages the carbonic acid which has 
been formed in every part. 

Berthollet concludes, from all theſe experiments, that azot, 
hydrogen, and carbon, united in proportions and with a degree 
of condenſation which he is unacquainted with, produce that 
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which is called the pruſſie acid. This compoſition explains the 
hiſtory of its formation in animal matters, in certain vegetable 
ſubſtances, and in the ammoniacal muriat, contaminated with 
charcoal. It likewiſe explains why this acid is ſo combuſtible, 
and detonates ſtrongly with the ſeveral nitrats; why it affords 
carbonat of ammoniac by | diſtillation ; and why this ſalt is 
| formed by the addition of the oxygenated muriatic acid. Ber- 
thollet doubts whether this ſingular combination contains oxy- 
gen; at leaſt, ſays he, if the pruſſie acid contain it, the quan- 
tity is pot ſufficient to reduce the charcoal entirely into carbo. 
nic acid; for the diſtillation of Pruſſian blue affords much car. 
bonated hydrogen gas. 70] | 

Such are the facts diſcovered by Berthollet: by determining 
the nature of colouring matter of Pruſſian blue, he has aſcer- 
tained that it is not a true acid, though it performs the func- 
tions of an acid in all its combinations. Weſtrumb and Haſ- 
ſenfratz have diſcovered a ſmall quantity of phoſphoric acid in 
Pruſſian blue. The latter chemiſt has ſhown that it is not eſ- 
ſential to its nature. Vauquelin and I have lately obtained 
pruſſic acid from the diſtillation of urinary calculus, and by 
treating many vegetable and animal ſubſtauces with nitric 
acid. | 

Sulphat of iron decompoſes nitre very readily, This de- 
compoſition is partly due to the ſulphuric acid, which, uniting 
with the alkali of nitre, diſengages the acid of that falt ; but 
it is likewiſe occaſioned in a great meaſure by the re- action of 
the iron on the latter acid. If ſulphat of iron, ſlightly dried, 
be taken for this experiment, a conſiderable quantity of nitric 
acid, very red and fuming, is obtained; the refidue, by lixi- 
viation, affords ſulphat of potaſh, fixed alkali, and a red oxyd 
of iron remains on the filter; but if ſtrongly calcined ſulphat 
be made uſe of, together with nitre which has ſuffered fuſion, 
the product obtained is very inconſiderable. This product con- 
hits of two liquors ; the one &f a dark, and almoſt black co- 
lour, floats.on the ſurface of the other, which is red and pon- 
derous ; for which reaſon Baume conſidered this liquor as 2 
kind of oil ; there afterwards paſles into the neck of the retort 
a white ſaline maſs, which attracts the humidity of the air, 
aud is ſoluble with heat, and great rapidity in water, emitting 
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a ſtrong ſmell of ſpirit of nitre, and very thick red vapour; 
this ſolution, ſaturated with potaſh, affords ſulphat of potaſl; 
the white maſs therefore is merely ſulphuric acid, rendered 
concrete by a portion of nitrous gas. | 

The heavier liquor in the receiver does not, upon examina. 
tion, appears to differ from Glauber's ſpirit of nitre ; but the 
lighter liquid which floats above it, being mixed with ſulphu. 
ric acid, produces a ſtrong efferveſcence, and ſometimes a dan. 
gerous exploſion ; almoſt all the nitrous acid is diſſipated, and 
the ſulphuric acid takes a concrete and cryſtalline form, Buc. 
quet, who communicated this diſcovery to the Academy, had 
before obſerved, that the acid obtained in this diſtillation emits 
red nitrous vapours when diſſolved in water; he ſuppoſed that 
this acid owes its ſolid form to the preſence of nitrous gas, and 
in order to aſcertain the truth of this conjecture, he attempted 
to mix the brown blackiſh nitrous acid which floats above the 
red liquor with very concentrated ſulphuric acid ; but at the 
very inſtant of the mixture of theſe two fluids, a commotion 
was excited of ſo ſtrong a kind, that the ſpirit of nitre, poured 
on the ſulphuric acid, was thrown with conſiderable noiſe to a 
great diſtance ; 'the perſon who made the mixture was covered 
with the acid, and a large quantity of red and inflamed pimples 
immediately roſe on his face, which ſuppurated like thoſe of 
the ſmall-pox ; the ſulphuric acid ſoon became concrete, and 
abſolutely ſimilar to that which is obtained in the diſtillation 
we hays deſcribed. From this fact it appears, that the acid 
may become concrete as well by imbibing nitrous, as ſulphu- 
reous gas. 

The reſidue of the diſtillation of nitre with ſulphat of iron 
calcined to redneſs, is merely a ſcoria of iron, from which 2 
very ſmall quantity of ſulphat of potaſh may be obtained by 
waſhing. 

The ſolution of ſulphat of iron is not altered by hydrogen 
gas, becauſe the baſe of this elaſtic fluid has leſs affinity with 
the oxygen than iron, as we have ſeen in the hiſtory of the de- 
compoſition of water. Monnet has however obſerved, that 
ſulphurated hydrogen gas communicates to ſulphuric mother 
water the property of affording cryſtals ; and Dr. Prieſtley 
has reduced the brown oxyds of iron by the contact of hydro- 
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gen gas. Theſe experiments do not contradict our doctrine, 
but, on the contrary, they ſerve to confirm it. In fact, the 
hydrogen deprives the iron of all the oxygen it was united with 
beyond the quantity of o, 28: this laſt doſe is merely that 
which the hydrogen cannot ſeparate, Hence it is that, in theſe 
reductions, nothing but a black oxyd. or martial Afthiops, is 
obtained, and hence water never oxydates i iron, but to a black 
colour. 

Alkaline ſulphures precipitate ſulphat of iron of a blackiſh 
colour; the precipitate is a kind of martial _ or ſul- 
phure of iron. 

The nitric acid is very alt decompoſed by 4 iron, which 
diſengages a large quantity of nitrous gas, eſpecially if the 
acid made uſe of be concentrated, and the iron in a ſtate of di- 
viſion : this metal is quickly oxydated by the oxygen it ſeizes 
from the nitric acid; the ſolution is of a brown red, and de- 
poſits oxyd of iron at the end of a certain time, eſpecially if in 
contact with the air. On the addition of more iron the acid 
diſſolves it, as Stahl has obſerved, and the oxyd of iron before 
held in ſolution is precipitated ; nevertheleſs, when a weak 
nitric acid is uſed, and iron in pieces, a more permanent ſolu- 
tion may be obtained, in which the metal adheres more ſtrong- 
ly to the acid. This laſt combination is greeniſh, and ſome- 
times of a bright yellow; both ſolutions become turbid by 
evaporation, and depoſit martial ochre of a reddiſh brown; 
but if the latter be ſtrongly concentrated, inſtead of affording 
cryſtals, it takes the form of a reddiſh jelly, which is only in 
part ſoluble in water, the greateſt part precipitating. If the 
nitrat of iron be kept heated, red vapours, in large quantities, 
are diſengaged, the magma becomes dry, and affords an oxyd 
of a brick-duſt red colour; this magma, by dittillation in a 
retort, affords a ſmall quantity of fuming nitrous acid, much 
nitrous gas, and azotic gas. Vital air cannot be obtained, be- 
cauſe the iron retains all the oxygen of the acid; the oxyd 
which remains after the diſſ illation of nitrat of iron, is of a 
lively red, and may afford a good colour for painters, &. 
The nitric ſolution of iron, however concentrated, did not ap- 
pear to afford a precipitate by the addition of diſtilled water ; 
alkalis decompoſe it with different phenomena, according to 
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their nature ; cauſtic vegetable alkali precipitates it of a light 
brown colour; the mixture paſſes very quickly to a blackiſh 
brown, and much deeper than the colour of the firſt ſolution, 
This phenomenon ariſes from the portion of the precipitate 


- diſſolved by the alkali, though the quantity be very ſmall, 


carbonat of potaſh ſeparates a yellowith oxyd, which quickly 
becomes of a beautiful orange red; if the mixture be agitat. 
ed, an efferveſcence takes place, the precipitate is re- diſſolyed 
in much greater abundance than that produced by the cauſtic 
potaſn. Monnet took notice of this phenomenon, and has with 
Juſtice attributed it to the gas which is diſengaged: The ſolu. 
tion of iron, by fixed alkali, is called the martial albaline tinfur: 
of Stahl, and of a very beautiful red. Baume 'recommend; 
a nitric ſolution of iron, which is not highly charged, to be 
uſed for the preparation of this tincture: Stahl, on the con- 
trary, adviſes a very ſaturated ſolution. Monnet has ob- 
ſerved, that a yellow ſolution affords a very large quantity of 


-Precipitate, which is not reſoluble by the alkali, and does not 


give the colour expected in the martial tincture, while a red 
ſolution immediately produces it with the ſame alkali, The 
martial alkaline tincture of Stahl loſes its colour at the end of 
a certain time, and depofits the oxyd of iron it contains; it 
may be decompoſed by the addition of an acid; the nitric acid 
ſeparates an oxyd of a brick-duſt colour, which is ſoluble in 
acids, and is called Stahl's aperitive /affron of Mars: pure or 
cauſtio ammoniac preeipitates the nitric ſolution of iron of « 
deep, and almoſt black green; ammoniacal carbonat re-diſlolve; 


the iron which it ſeparates from the acid, and aſſumes a mote 


lively red colour than the tincture of Stahl. This ſolution of 
iron by the carbonat of -ammoniac may be uſed to great ad- 


vantage in caſes wherein a 3 tonic and ſolvent medi- 


eine is required. - 

+ The nitric ſolution of iron highly faturated, and red, afford- 
ed me but a very ſmall quantity of Pruſſian blue, by the addr 
tion of an alkali ſaturated with the colouring matter. I ob- 


tained only a blackiſh precipitate, which was re-diſſolved bj 
the muriatic acid; the liquor had then a green colour. 


Marett, ſecretary to the Academy of Dijon, has communi- 
cated to the Royal Society of Medicine a proceſs for making 


martial ZEthiops very expeditiouſly ; it conſiſts in precipitating 
the nitric ſolution of iron by cauſtic ammoniac, and quickly 
waſhing and drying the precipitate. - D*Arcet,- who was ap- 


pointed by the laſt mentioned ſociety to examine the proceſs of 
Marett, did not conſtantly obtain the ſame reſult. . In my Me- 


moirs on the. precipitates of iron, I have determined the caſes in 


which the experiment of Marett ſucceeds, and thoſe in which 
it fails, To obtain this ZEthiops it is neceſſary, 1. That the 
ſolution of iron be recently made in the cold, with a weak ni- 
tric acid, and iron not much divided. 2. That ammoniac be 
recently prepared exceedingly cauſtic, and eſpecially that it be 
deprived, by ſtanding, of the ſmall portion of calcareous earth, 
and blackiſh combuſtible matter which it uſually carries up 
from the ſal-ammoniac and lime, if it be not extracted in the 
apparatus of Woulfe. 3. That the precipitate be immediately 
ſeparated from the liquor, and quickly dried in cloſſed veſſels. 
Notwithſtanding all theſe precautions, the precipitate is not 
always intenſely black, but inclines towards a brown, and 
riſes up in the form of ſcales, whoſe inferior ſurface is black- 
iſh ; which ſhows that it is the contact of air which ſlightly 
ruſts the ſuperior ſurface. I have obtained a more beautiful 
Atbiops, and with greater certainty, by precipitating the mu- 
riatic and the acetous ſolution of iron by the fixed alkalis, and 
cauſtic ammoniac, and quickly drying the waſhed, precipitates 
in cloſe veſſels; but I think, notwithſtanding, that theſe A7h;- 
os, however pure they may be ſuppoſed, always retain a {mall 
part of their precipitants, and their - original. ſolvents, as 
Bayen has obſerved concerning the precipitates, of mercury; 
and that they cannot be employed in medicine with the ſame 
certainty as thoſe hertofore deſcribed, D'Arcet, in his report 
to the Royal Society of Medicine concerning the proceſs of 
Marett, has communicated a proceſs of Croharé for making 
martial Aithiops, This apothecary, who is well known by 
the many chemical experiments he has ſkilfully made, prepares 
this medicine by boiling water, acidulated by a ſmall quantity 
of nitric acid, on filings of iron ; the metal hecomes immediate- 
y lightly oxydated, and affords much martial ZEthiops,. or 
black oxyd. But I think that the proceſs of Joſſe is pre- 
terable. to every one of theſe, on account af its facility in 
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practice, and the confidence with which its product may be 
uſed. ME "- 

As iron is often uſed for obtaining nitrous gas, it is of con- 
ſequence to take notice, in this place, that the gas is never the 
ſame, but differs greatly, according to the various circumſian. 
ces of the ſolution ; the nature of the acid more or leſs charged 
with azot and oxygen; the ſtate of the iron more or lef; 
greedy of oxygen; the various temperatures, &c. In ge- 
neral gas, prepared by this proceſs, contains a conſiderable 
quantity of azot; becauſe the iron is a body which abſorbs 
oxygen very ſtrongly, and ſeizes different quantities according 
to its nature and its metallic ſtate. The effects of the. nitrous 
gas, diſengaged by means of this metal, are therefore uncer. 
tain when applied to endiometrical reſearches. This truth, 
which is applicable to all bodies that ſeparate the nitrous gas 
from the acid of nitre, ſhows how little the trials. of air by 
eudiometers with nitrous gas are to be depended on. Ex. 
periments of this nature made with alkaline ſulphures are 
much preferable. 

The muriatic acid, diluted with water, diſſolves iron with 
rapidity, and diſengages a large quantity of hydrogen gas, pro- 
duced by the decompoſition of the water, as happens when 
this metal is diſſolved in ſulphuric acid. It was formerly 
thought that the hydrogen gas produced by the action of iron 
on the muriatic acid was different from that which is diſen- 
gaged by the ſulphuric acid: it was thought that this elaſlic 
fluid was one of the principles of the muriatic acid ; but the 
diſcovery of the decompoſition of water by iron has proved, 
that this acid, whoſe nature is yet unknown, is not the cauſe 
of the production of hydrogen gas, but that is ariſes from the 
water, for the acid remains entire, and without decompoſition, 
and requyres the ſame quantity of alkali to ſaturate its ſolution 
as before. The ſolution of iron by the muriatic acid 1s at- 
tended with much heat, which continues with the ſame force 
till the acid is ſaturated ; a proportion of the iron is precipi- 
tated in a true Z&thiops, as happens in all other ſolutions, 
After filtration, this ſolution is of a green colour, inclining to 
yellow, and is much more permanent than the two preceding 
ſolutions; when preſerved in a well topped phial, it does not 
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depofite oxyd of iron, I have kept a ſolution of this nature 
for eight years, which has depoſited only a very ſmall quanti- 
ty of powder, of a pale yellow; but if, on the contrary, it be 
expoſed to the air, almoſt all the iron it contains is preeipitat« 
ed in a few weeks, and this precipitate is of a lighter colour 
io proportion as the acceſs of the air is the eaſier, It is now 
proved that this precipitation, which takes place equally in all 
the other ſolutions of iron, is produced by the oxygen of the 
atmoſphere, abſorbed by the metal, which becomes oxydated 
more aud more, as I ſuſpected, in the year 1777. (See my 
Memoires de Chimie). | 

Stahl affirmed, that in the eombination of iron with the 
mutiatic acid, the acid aſſumed the characters of that of nitre ; 
but this fact has not been obſerved by any other chemiſt. It 
ſeems that Stahl depended only on the yellow colour of this 
ſolution, and the ſmell it emits; a ſmell which, in fact, dif- 
ers in ſome reſpe&s from that of ſpirit of ſalt, and approaches 
to that of the oxygenated muriatic acid. 

The ſolution of iron by the muriatic acid does not cryſtal. 
lize regularly by evaporation. Monnet has obſerved, that if 
it be ſuffered to cool when it has acquired the conſiſtence of ſy- 
rup, it forms a kind of magma, in which may be feen needle. 
ſorm flat cryſtals, which are very deliqueſcent. This magma 
melts by a very gentle heat; a greater heat decompoſes it, 
though leſs readily than the nitrat of iron, and it aflumes the 
colour of ruſt when it is dry; the muriatic acid is diſengaged 
from it, and may be obtained by diſtillation ; it carries up 
with it a ſmall quantity of oxyd of iron, according ta the ob- 
ſervation of Brandt. The Duke D'Ayen, in one of the four 
excellent memoirs he communicated to the Academy, reſpect- 
ing the combinations of acids with metals, has very minutely 
examined what paſſes in this decompoſition of the muriat of 
iron. The operation afforded very fingular products: a mild 
heat diſengaged a phlegm lightly acid; the muriatic acid then 


me concentrated, and its gas, which is much more volatile 


than water, was partly fixed by the iron: a much ſtronger 

heat raiſed a portion of this acid with a ſmall quantity of iron, 

and cryſtals were formed in the receiver, which were not de- 

liqueſcent; very 2 cryſtals in the form of blades of 
Val. Il. Ee 
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razors, which decompoſed the light in the manner of the beſi 
priſms, and exhibited very beautiful tinges of red, yelloy, 
green, and blue, were at the ſame time ſublimed to the upper 
part of the retort ; at the bottom there remained a ſtyptie and 
deliqueſcent ſalt, of a brilliant colour, and foliated texture, 
which perfectly reſembled that kind of talc, in large plates, 
which is improperly called Muſcovy glaſs. This laſt ſalt, ex. 
poſed to a violent heat in a ſtone-ware retort, was decompoſed, 
and afforded a ſublimation ſtill more aſtoniſhing than the for. 
mer products; it was an opake matter truly metallic, which, 
when examined by the microſcope, exhibited regular eryſtals, 
or ſections of hexagonal priſms, which the Duke D'Ayen con. 
pares to the pieces inlaid in floors : theſe cryſtals were as hril. 
liant as the moſt highly poliſhed ſteel, and were ſtrongly at. 
trated by the loadſtone. They conſiſted therefore of iron re. 
duced in part, and ſublimed *. 

Art appears here to imitate nature, which ſublimes the black 
oxyd of iron by volcanic fires, in the form of brilliant and well 
poliſhed laminz, reſembling ſteel; ſuch at leaſt appears to be 
the origin of the ſpecular iron ore, and of that of Volvic, 
which, according to the valuable obſervations of De L'Arbre, 
phyſician at Riom, is always found in the clefts of lavas. 

From theſe details we may perceive how rich the ſcience of - 
chemiſtry is in curious phenomena, and what a fund of diſco- 
very 1s held forth to ſuch as perform experiments with all the 
accuracy of the Duke D*Ayen. We muſt not forget to ob- 
' ſerve, that this reduction of iron favours the doctrine of gaſes, 
and that we may perhaps obtain fimilar reſults from many o- 
ther metallic ſolutions treated in the ſame way. 

The muriatic ſolution of iron, like all other martial ſolu- 
tions, is decompoſed by lime and alkalis ; but the precipitates 
are leſs altered, and may be eaſily re eſpecially ſuch a 
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I have in my | poſſeſſion a black ore of iron, which exhibits very brilliant 
ſmall laminæ, of half a line in breadth, whoſc form nearly approaches to that ol 
the cryſtals obtained by the Duke D*'Ayen; they are ſmall very thin ſcales, 0 
very brilliant iron grey colour, placed flopewiſe, ſo as to interſect each other in 
every direction, and are diſperſed on a reddiſh opake quartz, or a kind of coari 
jaſper: this beautiful ſpecimen came from Lorrain. The iron of Framont is of 


the ſame nature, 
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tre produced by the addition of cauſtic alkalis. I have before 
obſerved, that this combination affords the pureſt Atbiaps, or 
black oxyd of iron, by precipitation. Alkaline ſulphures, ſul- 
phurated hydrogen gas, and aſtringents, decompoſe it like the 
two others. Laſtly, Pruſſian alkalis, or the alkaline Pruſſiats, 
precipitate a beautiful blue powder. | 

Water charged with carbonic acid eaſily diſſolves iron : to 
form this combination, nothing more need be done than to add 
iron filings to the acid, and leave the mixture in liquid di- 
geſtion for ſome hours ; this fluid, when filtered, has a penetrat- 
ing and rather typtic taſte, Lane and Rouelle have taken no- 
tice of this property in the carbonic acid. Bergman, who calls 
this combination aerated iron, affirms, that when expoſed to the 
air, it becomes covered with a pellicle of rainbow colours ; 


that it is decompoſed by the pure alkalis, but that theſe ſalts, 


when ſaturated with the acid, do not produce the ſame effect. 
This ſolution converts the ſyrup of violets to green, and af- 
fords very brilliant Pruſſian blue with the calcareous Pruſſiats; 
it precipitates the brown oxyd of iron when left expoſed to the 
air, or when heated: this combination we have named carbonat 
of iron, Tron has a ſtrong tendeney to unite with the carbonic 
acid, and nature very frequently preſents it in this ſtate. The 
muddy iron ores and ſpathoſe iron appear to be in a great mea- 
ſure formed by this combination; ferruginous mineral waters 
often contain iron in the ſtate of carbonat of iron. This ſalt, 
ſeparated from the water and dried, is ſcarcely ſoluble 1n that 
uid, but it diſſolves in a large proportion in the liquid carbo- 
nic acid, from which it is precipitated in proportion as the acid 
is volatilized. The action of the boracic and fluoric acids on 
iron is not known *, 

This metal decompoſes ſulpbaric ſalts very readily, and in 
particular the ſulphats of potaſh and of ſoda; I have treated 
theſe ſalts with iron in a crucible, and have found them to be 
in the ſtate of ſulphures. The lixivium of this kind of ſul- 
phure is of a very deep green ; a few drops of acid cauſed the 
colour to diſappear very quickly. The greateſt part of the 
iron oxydated by the oxygen of the ſulphuric acid, remains 
without diſſolving in the lixivium, and acids difengage from 
this oxyd a large quantity of ſulphurated hydrogen gas. 
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Iron cauſes nitre to detonate. When equal parts of ſtecl 
filings, and very dry nitre, are thrown into a well ignited cry. 
cible, a very rapid - commotion is excited after a little time, 
and a great number of brilliant ſparkles fly out of the crucible, 
When the detonation is ended, the crucible contains a reddiſh 
oxyd of iron, of which a ſmall portion 1s combined with the 
I alkali; water diſſolves the alkali, and the oxyd of iron re. 
| | mains on the filter. This oxyd was formerly called Zrwelfer'; 
faffron of Mars, and is of a yellowiſh red, ſcarcely ſoluble in 
acids; the alkali ſeparated by the lixiviation is cauſtic, accord. 
ing to moſt chemiſts, who think that metallic oxyds act like 
pure lime on this ſalt, charged with the catbonie acid “. 
Iron decompoſes ammoniacal muriat very readily; two 
drachms of ſteel filings triturated with one drachm of this ſalt, 
diſengage atamoniacal gas. Bucquet, who diſtilled this mix. 
ture in the pneumato-chemical apparatus with mercury, ob- 
tained fiſty- four cubic inches of an aeriſorm fluid, half of which 
was ammoniacal gas, and the other half hydrogen gas. Four 
ounces of the ſame filings, and two ounces of ammoniacal mu- 
riat, diſtilled in the retort with the common receiver, afforded 
about two drachms of liquid ammoniac, containing a ſmall 
quantity of iron, which was ſoon after depoſited in the form 
of an oxyd; the reſidue of theſe operations was muriat of 
iron. The decompoſition of ammoniacal muriat by iron, 1s a 
conſequence of the facility with which this metal unites with 
the muriatic-acid, which is proved by the diſengagement of 


| 
hydrogen gas obſerved in this experiment. A ſalt is prepared | 
for medical uſes, with ammoniacal muriat and jron, which is 
called martial flowers of ſal-ammeniac, or ens martis. One pound ; 
of ammoniacal muriat in powder, and one ounce of iron filings F 
are mixed together. The mixture is expoſed in an earthen n 
veſſel, covered with a veſſel of the ſame kind, to a heat es- K 
pable of igniting the lower part of the apparatus: in ſive ot ſu f 
— — — — 5 
ti 
* It muſt be obſerved, thar ſince the promulgation of the theory of Dr, Black, 5 
reſpeRing the cauſticity of lime and alkalis, the neceſſary experiments have 10: 
been made to aſcertain this parity of action between lime and metallic oxyds; pl 
nothing can therefore be ſaid reſpeRing this, till ſuch experiments have ben th 
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hours a yellow matter is ſublimed, which is preſerved in a 
bottle: this is the martial flonuers, and conſiſts moſtly of am- 
moniacal muriat ſublimed, with a ſmall quantity of oxyd of 
iron, As this metal decompoſes muriat of ammoniac very 
readily, it muſt only be employed in fmall quantities, in order 
that the greateſt part of the ſalt may ſublime in its proper 
ſtate, The portion of oxyd of iron which is volatilized co- 
lours the ammoniacal muriat ſublimed at the ſame tine. 

Oxyd of iron decompoſes this ſalt more readily than the 
metal itſelf, ſince it diſengages the ammoniae in the cold. That 
which is obtained by diſtillation is very fluid and cauſtic. I 
have obtained ammoniac, which made a flight efferveſcencg 
with acids, by diſtilling ammoniacal muriat with half its weight 
of aperitive ſaffron f Mars, or oxyd of iron formed by the con- 
tat of air; in this experiment, the carbonic. acid diſengaged 
from the iron, unites with the ammoniac, and gdh it * 
ferveſcent. | | 

Iron is altered in its colour by hydrogen gas, but this, eber 
has not yet been ſufficiently examined. The black oxyd of iron 
is not decompoſed by this gas; but the brown or red oxyds are 
eaſily changed, and paſs. to the ſtate of black oxyd, becauſe 
they yield to the hydrogen the quantity of oxygen which is 
ſuperabundant to that which places the iron in the ſtate of black 
oxyd. | 
Sulphur combines rapidly with iron: a mixture of iron fl. 
ings and ſulphur in powder, moiſtened with a ſmall quantity 
of water, becomes hot in a tew hours, at which time it ſwells 
up, its parts adhere together, it abſorbs the watery breaks 
with a perceptible noiſe or crackling, and emits aqueous va- 
pours, attended with a very manifeit odour, reſembling that 
of ſulphurated hydrogen gas. If the mixture be made in a 
large quantity, it takes fire in twenty-four or thirty hours, as 
loon as the aqueous vapours have ceaſed. Towards the end of 
the action of theſe ſubſtances on each other, the heat becomes 
greater and greater, and is quickly ſucceeded by inflamma. 
tion; the ſmell is then much ſtronger, and appears to axiſe 
from the hydrogen gas produced by the re- action of the ſul- 
phur and the iron on the water. This ſmell is a mixture of 
that of alkaline ſulphures and of pure hydrogen gas, and it is 
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doubtleſs owing to the large quantity of this gas which is dil. 
engaged, that the inflammation is due; for the flame is much 
more lively than that of ſulphur, and it riſes to a foot in height 
| according to the report of Baume, who obſerved that this pheno. 
menon with a mixture of an hundred pounds of filings of iron, 
and as much ſulphur in powder, did not laſt longer than two 
or three minutes; but the mixture remained red hut for forty 
hours. Baume explains this inflammation by the diſengage. 
ment of the phlogiſton of the ſulphur, in the form of fire ſet 
at liberty. Lemery the elder gave the name of artificial vol. 
cano to this experiment, and imagined that the fires which 
burn in the interior part of our globe, and by railing the ſur. 
face produce earthquakes and volcanoes, were owing to a fi. 
milar combuſtion of pyrites in large. maſſes moiſtened. Theſe 
terrible effects may be imitated, according to the ſame chemiſt, 
by burying in the earth a mixture of ſulphur in powder, and 
filings of iron, reduced into a paſte with water, and covering 
it up with earth ſtrongly rammed down. The experiment, 
however, did not ſacceed with Bucquet, who repeated it with 
great exactneſs; and the reaſon may be eaſily deduced, from 
the experiments of Prieſtley. This philoſopher obſerved, that 
2 mixture of iron and ſulphur, when moiſtened, abſorbed x 
certain quantity of air, which appears to be neceſſary for this 
inflammation. Nevertheleſs, this inflammation may take place 
without the contact of air. In fact, it appears that the iron, 
which is greatly divided, reacts on the water, ſeizes its oxygen, 
by which it burns, and ſuffers the hydrogen gas to be diſen- 
gaged, which takes the elaſtic form, by reaſon of the heat ſepa- 
rated from the water ; the gas likewiſe difſolves a portion of the 
ſulphur, and forms ſulphurated hydrogen gas. 

There is a great analogy between this combination of iron 
and ſulphur, by the humid way, and the effloreſcence of pyrite, 
which afford ſulphurated hydrogen gas, when they are moiſ. 
ened with water. | 

Sulphur combines very readily with iron by fuſion, and pro- 
duces a ſulphure of iron, or pyrites diſpoſed in needles. A. 
the ſulphur in this caſe greatly increaſes the fuſibility of iron, 
that metal may be inſtantly fuſed by the aſſiſtance of the com- 
buſtible body. For this purpoſe, a ſmall bar of iron, beate 
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zo whiteneſs, may be applied to a roll of ſulphur, and the 
melted matter which drops may be received in a veſſel of wa- 
ter; it is found to conſiſt of blackiſh brittle globules, fimilar 
to pyriter, and, like them, formed of ſmall flender . 
converging to a centre l. 

Iron combined with arſenic, affords a brittle alloy, very Lit 
tle known. It appears that this metal exiſts in many ores of 
iron, and is the cauſe of the Hr ſhot i iron. | 

With cobalt it conſtitutes a mixed metal, cloſe.grained, hard, 
and difficult to break, 

It does not appear capable of uniting with biſmuth, 

Combined with antimony, it forms a hard alloy, with ſmall 
facets, which ſcarcely yields to the hammer. Iron has a ſtrong. 
er affinity with ſulphur than with this brittle metal, and con- 
ſequently 1s capable of decompoſing ſulphure of antimany. To 
effe& this, five ounces of the points of horſe ſhoe nails are heat- 
ed red hot in a crucible; a pound of pulverized ſulphure of 
antimony is then thrown in, and a ſtrong heat ſuddenly given 
to melt the mixture: when it is well fuſed, an ounce of nitre 
in powder is added, to aſſiſt the fuſion, and facilitate the ſepa- 
ration of the ſcoriz from the antimony. The mixture being 
ſuffered to cool, antimony is found in the crucible, which does 
not contain iron; but if one part of iron be uſed with two of 
ſulphure of antimony, the antimony will be alloyed with iron. 
The ſcoriæ, which are found above the antimony alloyed with 
iron, and prepared with nitre and tartar, have a yellowiſh co- 
lour, ſimilar to that of amber, produced by the iron they 
contain, whence Stahl called them /uccinated ſcoriæ. He directs 
them to be reduced into powder, and boiled an water, which 
takes up the moſt ſubtle part of the powder; after which the 
fluid muſt be decanted off, filtered, and the powder on the fil- 
ter detonated three times with nitre : this being walled and 
dried, is Stabl's aperitive and antimoniated ſaffron of Mars. 

It is ſtill uncertain whether zink be capable of uniting with 
iron, Malouin, in his Memoir on Zink, publiſhed among thoſe 
of the Academy for the year 1742, has ſhown, that this me- 
tal may be applied, like tin, to the ſurface of iron, for the 
purpoſe of defending it from the contact of air, a circumſtance 
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which ſhows that theſe two metallic matters are capable of 
coribining. | 9 IR | 


It ſeems that nickel is capable of being very intimately unit. 
ed with iron, fince theſe two metallic ſubſtances can never he 
perfectly ſeparated, as Bergman has demonſtrated. 

Mercury does not contract any union with iron in its metal. 
lie ſtate; it has in vain been attempted to unite theſe two me. 
tals immediately, but the combination is ſucceſsfully made by 
preſenting them to each other in the ſtate of oxyds. Navier 
has obſerved, that a whitiſh ſnowy precipitate is obtained, by 
mixing a ſolution of iron and of mercury by the ſulphuric 
acid, and evaporating the mixture; in this operation ſmall flat 
cryſtals, ſimilar to thoſe of boracic acid, are formed. Navier af. 
firms, that theſe cryſtals are a combination of iron and of mer. 
cury. | 

Lead is not capable of uniting with iron. 

Iron and tin appear ſuſceptible of union hy fuſion, The 
preparation of white iren, or, as it is commonly called, tin, 
which conſiſts of iron plates covered with a thin ſtratum of 
tin, ſhows that this combination takes place. In order to tin 
iron, it is neceſſary that the ſurface of the metal ſhould be 
very clear and bright; for that pnrpoſe it is corroded by an 
acid, or ſometimes filed or ſcraped, or covered with a ſolution 
of ſal-ammoniac; it is afterwards plunged vertically into a 


veſſel of melted tin, moved backwards and forwards, to in- 


creaſe the contact, and when ſufficiently tinned, it is taken out 


and rubbed with ſaw-duft, or bran, to clear off the fat or pitch 


with which the melted tin was covered, and which adheres to 
the ſurface of the tinned iron, If iron reduced into very thin 
laminæ be tinned, the tin will not only apply to the ſurface, 
but will penetrate into its internal parts, and the combination 
will be perfect throughout; ſo that when jt is cut, the ſame 
white colour will be obſerved in the middle as at its ſurface, 2 
circumſtance which ſhows, that well made tin-plate is a true 
chemical combination; it is beſides more malleable than iron, 
and is wrought into veſſels of ſuch forms, as it would be im- 


poſſible to give to pure iron by the hammer. 


We have ſeen, at the commencement of this chapter, that iron 
readily abſorbs charcoal by heat, and that it forms c iron and 
1 5 
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feel by its union with this combuſtible ſubſtance; ; with this dif. 
ference, however, that it contains oxygen in the former of theſe 
compounds, but not in the latter. In both, the quantity of iron 
greatly exceeds that of the charcoal. Chemical analyſis, which 
is ſo much indebted to the labours of Scheele, has proved to 
this chemiſt, that plumbaga, a mineral whoſe nature and rank 
among other minerals had long embarraſſed philoſophers, is 
nothing more than a natural combination of a large proportion 
of charcoal with a very ſmall quantity of iron; its hiſtory muſt, 
therefore, belong to that of this metal u. 

Plumbago was a long time confounded with melybdena, It is 
known that the ſubſtance, which 1s now called molybdena, is 
the oxyd of a peculiarly acidifiable and brittle metal, of which 
we have already given an account. Pott 15 the firſt who proved 
that neither of theſe ſubſtances contains lead, as Was anciently 
thought. 

The many names by which p/umbago and ks have been 
ditingwiſhed, ſerve to increaſe, or at leaſt to perpetuate, theſe 
errors. Both, without diſtinction, were called lead ore, Engliſh 
crayon, plomb de mer, black ceruſe, mica of the RY crayon of lead, 
falſe galena, talc, blende, potelot. 

The native carbure of iron (a name which has been ſubſti.- 
tuted for that of plumbago, and which is expreſſive of the na- 
ture of the compound), 15 found in mountains, often between 
beds of quartz, felt ſpar, clay, or calcareous earth, in the form 
of roundiſh irregular pieces, of different magnitudes ;. the 
largeſt of which weigh from eight, to ten or eleven pounds : 
it is likewiſe found diſſeminated in much ſmaller fragments, 
and ſometimes even in beds or ſtrata, The inhabitants of 
Bleoux, a village near Curvan, in Upper Provence, find na- 
tive carbure of iron, or plumbago in ſtrata, four feet tbick, 
between two ſtrata of clay. This is ſold at Marſeilles. La 
Peyrouſe reckons carbure of iron among the minerals of 
the Pyrenean mountains. It is likewiſe found in Spain and 
Germany, and alſo in the county of Cumberland in England, 
where it is made into pencils, which are highly eſteemed. 
North America, and the Cape of Good Hope, likewiſe afford 
ſome ſpecimens. Within theſe few years, flumbago, c cryſtallized 
in octahedrons, has been diſcovered, 
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Carbure of iron is of a ſhining blue black, of a greaſy fee], 
and tuberculated fracture; whereas the fracture of molybdeng ig 
lamellated. Its unctuous and ſaponaceous quality, cauſed ſome 
naturaliſts to conſider it as a ſpecies of impure clay. It ſoil; 
the hands, and makes a black trace on paper, which is very 
well known to every one. 

Carbure of iron is not ni. by "a in cloſe veſſels. Pel. 
letier, who has made experimental inquiries on this ſubſtance, 
which confirm the reſults of Scheele, expoſed 200 grains in 2 
porcelain crucible, accurately cloſed, to the heat of the fur. 
nace of the manufactory of Seve. The loſs was no more than 
Io grains. But when it is heated with contact of air, it burns, 
and is oxydated, without leaving ſcarcely any reſidue. Quilt, 
Gahn, and Hielm, obſeryed, that 00 grains, treated in this 
manner, in a muffle, left only 10 grains of ferruginous oxyd. 
This oxydation is a flow combuſtion, not eaſily performed. It 
does not ſucceed in a common crucible ; a thin layer of carbure 
of iron muſt be expoſed, in a ſhallow veſſel, to the action of 2 
ſtrong fire, and the ſurfaces muſt be often renewed, by ſtirring 
the matter. It is in this way that the carbure of iron em. 
ployed to cover ſtones, &c. is gradually burned. 

Air, water, and earthy ſubſtances, have no action on carbure 


"ak iron. 


Alkalis act ſtrongly on this ſubſtance. If one part of car- 
bure of iron, with two parts of dry cauſtic fixed alkali, or 
lapis cauſticus, be expoſed to heat in a retort, with the pneuma- 
to- chemical apparatus, the ſmall quantity of water contained 


in the ſalt is ſufficient to favour the combuſtion : carbonated 


hydrogen gas is obtained, the alkali is charged with carbonic 
acid, and the carbure of iron is found to have diſappeared. 
This experiment, as well as the detonation with nitre, here- 
after to be mentioned, cauſed Scheele to conclude, that this 
matter is a kind of ſulphure, compoſed of the aerated, or cat- 
bonic acid and phlogiſton. This theory ſhall be diſcuſſed, af- 
ter we have examined the other phenomena, exhibited by this 
combuſtible body with acids and neutral ſalts. 

The ſulphuric acid has no action on carbure of iron accord - 
ing to Scheele. Pelletier has obſerved, that 100 grains of this 
ſubſtance, and four ouuces of concentrated ſulphuric acid, being 
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digeſted for ſeveral months in the cold, the acid acquired a 
green colour, and the property of congealing, by a very light 
degree of cold. This acid, diſtilled from carbure of iron, paſ- 
ſes to the ſulphureons ſtate, by n part of that . 
ſtance. 

The nitric acid * no effect whatſoever on carbure of Atem- 
The muriatic diſſolves the alumine and the iron, and ſerves to 
purify it, according to Berthollet. Pelletier uſed the ſame 
proceſs, in order to obtain carbure of iron in a ſtate of purity. 
As to the alumine which the muriatic acid takes from carbure 
of iron, Scheele obſerves, that that which he obtained in his 
analyſis, came from the crucible in which he had before treat · 
ed that ſubſtance. 

Carbure of iron, fuſed with four parts of - Culphat of potaſh, 
or of ſoda, produces alkaline ſulphures, and 1s entirely decome 

ſed. 

b Nitre detonates by the addition of this mineral, ten parts of 
the ſalt being neceſſary for the complete combuſtion of one part 
of carbure of iron. The fixed alkali, which remains after this 
operation, efferveſces ſtrongly with acids, and contains a ſmall 
quantity of oxyd of iron. The ſame effe& follows, when ni- 
trat of ſoda, or of ammoniac, is uſed. Pelletier has obſerved, 
that in this laſt operation the ammoniac is diſengaged, in com- 
bination with a portion of the carbonic acid. 

Carbure of iron does not act on the muriat of potaſh, nor on 
the muriat of ſoda. 

When diſtilled with ammoniacal muriat, it affords martial 
ammoniacal flowers ; heated with ſulphur in a retort, the ſul- 
phur ſublimes _— without affecting the carbure of iron in 
the leaſt. 

All theſe facts prove that this e is not an earth or 
ore of lead, as had been imagined; but the theory of Scheele, 
who confiders it as a combination of the carbonic acid and 
phlogiſton, cannot be admitted; 1. Becauſe that chemiſt did 
not aſcertain the quantity of acid produced. 2. Becauſe he has 
not artificially produced plumbago, by combining the carbonic 
acid with a combuſtible ſubſtance. Moreover, the two ſub- 
ſtances, by the addition of which Scheele changed carbure of 
iron into carbonic acid, appear to effect this converſion, by at- 
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fording vital air, which, combining with the inflammable mat. 
ter of that fubſtance, produces the carbonic acid by the fixation 
of the oxygen; for ſuch is the proceſs by which the nitric acid 
eonverts tungſten, arſenic, and ſugar, into acids. The cauſtic 
fixed alkali likewiſe converts carbure of iron into carbonic acid, 
evidently in conſequence of the water that alkali always con- 
tains, and which burns tbe combuſtible matter, as it does iron 
and zink. This opinion is confirmed by the hydrogen gas ob- 
tained during the reciprocal act ion of the alkali and the carbure 
of iron; and it might be ſtill more confirmed by paſſing the 
vapour of water over this ſubſtance, made red hot in a tube of 
copper, in the ſame manner as the experiment is made with 
iron and zink. And though this has not yet been tried, I 
think I may venture to predict, that all the carbure. of iron 
would be deſtroyed, and converted into carbonic acid ; and that 
the product of this operation would conſiſt of carbonated hy. 
drogen gas, mixed with a large quantity of carbonic acid. It 
would therefore ſeem natural to conclude, that the carbonic 
acid is a componnd of plumbago and of oxygen. But as we 
know, by many other experiments, that this acid is very 2. 
bundantly produced by combining charcoal. with oxygen, it 
follows, that p/umbago contains a large quantity of carbon, and 
that it is almoſt wholly compoſed of this combuſtible ſubltance: 
a few leading circumſtances reſpecting the properties of carbon 
compared with thoſe of carbure of iron, will ſhow this more 


evidently. 


The charcoal of many vegetable matters is brilliant, and of 


a metallic aſpect, like carbure of iron; ſoils the hands, and 
leaves traces on paper; is brittle, and of a granulated fracture. 
The moſt brilliant charcoals, ſuch as thoſe of certain animal 
ſubſtances, are as difficult to burn as carbure of iron, which 
requires to be frequently ftirred, at the ſame time that it is ex- 
poſed to a ſtrong heat, with contact of air, conſtantly renewed; 
both contain iron; and, laſtly, both are ſuſceptible of being 
changed into carbonic acid by combuſtion. May we not from 
hence conſider plumbago as charcoal formed in the interior part 
of the globe, or buried in the earth? May we not even ſup- 
poſe that this matter is formed by the combination of certan 
mineral principles, though almoſt all chemiſts have concludes 
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that organic bodies only are convertible into charcoal? Theſe 
ideas may be confirmed or deſtroyed by a connected inquiry 
into the ſtate of carbure of iron in nature, the circumſtances of 
its formation, the changes to which it is ſubjected. Since the 
knowledge acquired reſpecting carbure of iron by the reſearches 
of Vandermonde, Monge, and Berthollet, into the different 
ſtates of this metal, they have diſcovered that à fubſtauce'-2s 
daily formed in the fuſion of caſt iron, which is entirely ſimi- 
lar to the native carbure of iron. It is rare that the ladles 
with which the crude iron is taken out are not covered with 
it. The ruins of the ſmelting furnaces which are repaired ex- 
hibit it liKewiſe in confiderable maſſes, in a cryſtallized form. 
It is to be hoped that at ſome future period it may be 1 
cially prepared for the uſes of ſociety ®. 7 

Carbure of iron is of conſiderable uſe. Pencils are wile of it; 
the beſt come from England. The Engliſh black lead comes from 
Keſwick, in the county of Cumberland. It is cut into thin plates, 
the edge of which being fitted into a groove, in a ſemi-cylinder 
of wood, it is then ſawed off, ſo as to leave the cavity entirely 
filled. The mineral is retained in its place by the other half of 
the cylinder, which is glued on. The powder produced in this 
operation ſerves to make pencils of an inferior” quality ; great 
numbers of which are ſold in Paris. It 1s either mixed with 
gum water, or fuſed with ſulphur. Theſe inferior pencils are 
known, either by their taking fire at the flame of a candle, or 
their falling into powder by moiſtening 1a water. German 
carbure of iron is likewiſe uſed to make pencils, with the addi. 
tion of various foreign ſubſtances, ſuch as charcoal, ſulphur, 
&c. * 
The very fine powder of carbure of iron is uſed in England 
inſtead of greaſe, to facilitate the motion of the axes of certain 
mechanical inſtruments, which it effects by its unctuous qua- 
lity. 

One of the principal uſes of this ſubſtance is to cover iron 
which is to be.defended from ruſt. The pipes of ſtoves, chim- 
ney-plates, and other utenfils, expoſed to the action of fire and 
ar, are covered with carbure of iron in powder, applied to their 
ſurface by ſimple friction with a bruſh. Homberg, in the year 
1699, deſcribed a proceſs for giving a leaden colour to iron 


446 IRON. 

utenſils, It conſiſts in mixing eight pounds of lard, melted 
with four ounces of camphire, together with a ſufficient quan. 
tity of carbure of iron: the iron is to be ſmeared with this 
compoſition when it is almoſt too hot to retain it, and muſt he 
rubbed with a cloth when cold. * 

The makers of ſmall ſhot poliſh and blacken its ſurface, by 
agitating or rolling it in a caſk with powder of carbure of iron, 
'This mineral likewiſe enters into the compoſition for razor 
ſtraps. Laſtly, It is an ingredient in certain black pottery in 
England, and in crucibles made at Paſſaw in Saxony. Pelle. 
tier, who has well deſcribed the ſeveral uſes of carbure of iron, 
prepares a lute or coating, after Pott, conſiſting of one part of 
this ſubſtance, three of common clay, and a ſmall quantity of 
cow dung, chopped very ſmall. This coating ſupports glaſs 
retorts ſo well, that they ſometimes may be even melted with. 
out producing any change in its form, | 

The uſes of iron are ſo great and extenſive, and beſides ſo 
well known, that it would be uſeleſs to attempt to enumerate 
them: it is only neceſſary to obſerve, that no art can be car. 
ried on without it, and that it is the ſoul of all the arts, as 
Macquer obſerves. The different modifications it is ſuſcep- 
tible of, render it very proper for the multiplicity of pur. 
poſes to which it is applied. Caſt iron ſerves to form u- 
tenſils of various degrees of ſolidity as may be required. The 
hardneſs and tenacity of the ſeveral kinds of forged iron are 
no leſs applicable to other uſes. The ſame obſervation 1s ap- 
plicable to ſteel : the fineneſs of the grain, and excellence of 
the temper, conſtitute a great number of ſpecies, peculiarly 
adapted to an almoſt infinite number of arts. The oxyds of 
iron ſerve to give a red or brown colour to porcelain, enamel, 
pottery, &c. they are likewiſe uſed in the preparation of arti- 
ficial precious ſtones, and combined with oil for painters. Iron 
is the baſis of an important medicine, which is frequently ap- 
plied with the greateſt ſucceſs. It is the only metal which is 
not noxious, and whoſe effects are not to be feared ;- it has, 
even as we have ſeen, ſuch an analogy with organic matters, 
that it ſeems to form part of them, and often owes its produc- 
tion to the proceſſes of life or vegetation. The effects of iron 
on the animal economy are numerous; it ſtimulates the mem. 

2 . 
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branes of the viſcera, and appears to act more eſpecially on 
thoſe of the muſcles, which it braces; it fortifies the nerves, 
and gives a remarkable degree of force and vigour to the ani - 
mal ſyſtem ; it excites many ſecretions, eſpecially the urinary 
and menſtrual evacuations ; it increaſes the contractions of the 
heart, and conſequently renders the pulſe ſtronger and quicker. 
Its action is not leſs effectual on the fluids ; it paſſes quickly 
through the firſt paſſages, and combines with the blood, to 
which it gives denſity, confiſtence, and colour, rendering it 
more concreſcible, communicating at the ſame time ſuch a de- 
gree of activity as enables it to paſs eaſily into the ſmalleſt 
veſſels, which it ſtimulates at the ſame time, and communi- 
cates force and life through every part. The capital experi- 
ments of Menghini, publiſhed in the Memoirs of the Inſtitu- 
tion of Boulogne, have proved, that the blood of perſons, 
who take martial medicines, is highly coloured, and eontains a 
larger quantity of iron than it would naturally contain. Lorry, 
who exerciſes the art of medicine with that accuracy of obſer- 
vation which characterizes the t-ue philoſopher and phyſician, 
obſerved, the urine of a patient to whom he had given iron, 
in a very divided ſtate, became manifeſtly coloured with nut- 
gall, This metal is therefore tonic, fortifying, ſtomachic, di- 
uretic, alterative, inciſive, and unites in its action the proper- 
ties of a great number of other medicines. Like aſtringents, 
it increaſes the motion of the parts, and has the advantage of 
being more conſtant and durable in its effects than many other 
remedies whach poſſeſs the ſame virtue, becauſe it combines 
with the organs themſelves, by means of the fluids which ſerve 
for their nutrition, It ſeems, therefore, that in every caſe 
wherein the fibres of the viſcera, of the muſcles, or even of 
the nerves, have only a very feeble action, in languors of the 
ſtomach, and ſluggiſhneſs of the inteſtines, and in weakneſſes 
produced by theſe cauſes; in fine, in all the caſes wherein the 
fluids are not ſufficiently confiſtent, or too much diluted, as in 
palſies and propenſities to the dropſy, &c. iron may be admi- 
niſtred with ſucceſs. It is uſed under many different forms, 
ſuch as the levigated filings, martial Zthiops, aſtringent and 
aperitive ſaffron of Mars, martial alkaline tincture of Stahl, 
the martial flowers of ſal-ammoniac, &c. to theſe we may per- 
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haps add, iron precipitated by an acid, and re- diſſolved by 
pruſſiat of iron ; the Pruſſian blue propoſed by the chemiſts of 
the Academy of Dijon, &c. The ſulphat of iron is externally 
uſed in hemorrhages, &c. | 

Iron which poſſeſſes the magnetic property, or the artificial 
magnet, has been reckoned among thoſe bodies which produce 
very ſingular effects upon the animal economy. When applied 
to the ſkin, according to ſeveral modern authors, it mitigate 
pain, diminiſhes convulſions, excites redneſs, ſweat, and often 
a ſmall eruption : it is likewiſe capable of rendering epileptic 
attacks leſs frequent. It has even been affirmed, that, when 
left in water for twelve hours, it communicates a purgative 
property to that fluid. All theſe aſſertions, which are aid to 
be founded on facts, ſufficiently aunounce to enlightened philo. 
ſophers the great difficulty which attends phyfical reſearches 
into the animal ſyſtem. The abſolute inefficacy of a body, 
rendered magnetical, or armed with the magnetical power, 
upon other bodies which are not ſuſceptible of receiving the 


ſame power, truly excludes the influence of magnetiſm upon 


the animal economy: thoſe phyſicians who attribute ſuch evi. 
dent and ſtriking effects, and conſequently ſuch energetic medi. 
cinal properties to the magnet, have been ſeduced and deceived 
by changes more or leſs ſenſible, which have taken place at the 
time of the application of the magnet, and were owing to the 


proper forces of the individuals, and the happy efforts of na- 


ture. This opinion is ſo much the better founded, as it is more 


eſpecially in the ceſſation or tranſpoſition of local pains or con- 


vulſions that nature exhibits the greateſt incanſtancy and irre- 
gularity to obſervers ; and that it is particularly from ſymp- 
toms, more or leſs analagous to theſe, that the pretended me- 
dicinal properties of the loadſtone have been inferred. 
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a Tuz exiſtence of phoſphorus in ſome ſpecies of ſteel is fully aſcertained by the 
following experiment of Vauquelin, 576 grains of ſteel filings were diſſolved in 
ſulphuric acid, diluted with five parts of water. From this ſolutien, ſaturated 
with carbonat of potaſh, 19 grains of a white taſteleſs powder were depoſited, 
completely ſoluble in muriatic acid, This matter, by boiling it in a ſolution of 
cavtic foda, aſſumed a deep red colour, and was greatly diminiſhed in its volume. 
The liquor being filtered, and mixed with concentrated muriatic acid, gave no 
ſign of efferveſcence ; and formed, before and after its mixture with muriatic 
acid, a white precipitate, by the addition of lime water. On examination this 
precipitate was found to be phoſphat of lime. 

b Clouet ſays a 1-324 part of charcoal is ſufficient to convert iron into ſteel. 
In a quantity equal to one 2-6th of the iron it affords a ſteel more ſuſible and till 
malleable, but beyond this term it approaches to caſt iron, and has not a ſufficient 
degree of tenacity. Ann. de Chem. Tom. XXVIII. Jura. de Phy. Tom. LIII. 
p. 373- Mem. de I Acad. 1786, p. 204. 

c A new method of preparing caſt ſteel has been lately announced in France by 
Clouet. His proceſs is the following : Take ſmall pieces of iron and place them 
in a crucible, with a mixture of carbonat of lime and the earth of Heſſian cru- 
cibles; 6 parts of the carbonat of lime, and 6 of this earth, muſt be employed for 
20 parts of iron. The mixture is to be diſpoſed ſo, that after fuſion the iron may 
be completely covered by it to prevent the iron from coming into contact with the 
external air. The mixture is then to be gradually heated, and at laſt expoſed to 
a heat capable of melting iron. If the fire be well kept up, an hour will general- 
ly be ſufficient to convert two pounds of iron into excellent and exceedingly hard 
ſteel, capable of being forged; an advantage not poſſeſſed by ſteel in the common 
manner. Phil. Mag. Vol. II. p. 219. 

The oxyds of iron are equally ſuſceptible of paſſing to the ſtate of alt iron, 
ſteel, and caſt iron, according to the quantity of carbon employed. The black 
oxyd, the ſtate of which ſeems to be the moſt unalterable, becomes iron when 
treated in the crucible with an equal volume of charcoal duſt, By doubling the 
quantity of the charcoal, ſteel is formed, and a progreſſive increafe gives it the 
characters of white and grey caſt iron. A fifth pant only of caſt iron is re- 
quired to convert iron into ſteel. The iron and the oxyd do not unite intimately. 
The black oxyd, mixed with one half leſs of carbon than is neceſſary for its reduc- 
tion, gives a ſoft iron, but not very tenacious, black, and without a granulated 
fracture. A ſixth part of the oxyd brings back common ſteel to the ſtate of iron, 
by treating them together, either in the forge or dy cementation. Annal. ide Chem. 
Tom. XXVIII. 

4 The ſolubility of iron in water, either in the ſtate of a metal or an oxyd, hag 
been more than ſufficiently diſproved by the numerous and accurate experiments 
of a, Kleine Abhandlungen, B. III. ſ. 249. 
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e When ſteel], or iron containing carbon, are diſſolved in ſulphuric acid, the 
hydrogen gas evolved will diſſolve-and hold in ſolution a greater or leſs quantity 
of carbon, according to the concentration of the acid, and the degree of tempera. 
ture in which the ſolution is made. When the iron or ſteel diſſolved contain; 
phoſphorus, a portion of this ſubſtance will alſo be diſſolved by the hydrogen ga, 
Its preſence is eaſily recogniſed by the extremely offenſive ſmell which it exhale 
From the ſolution of x00 grains of four different kinds of ſteel, diffolved in ſul. 
phuric acid, Vauquelin obtained hydrogen gas in the following proportions : 

Cnbic inches. 

Firſt kind, - - 108 

Second kind, — — 121 

Third kind, - 114 

Fourth kind, — — 108 

| PProuſt affirms, that theſe two ſulphats differ from each other in the quantity 

of oxygen which they contain. Lavoſier had ſhown that iron in the green or 
cryſtallizable ſulphat contains .2.7. oxygen. According to Prouſt the red ſulpha 
contains not leſs than 4 of the ſame principle. The properties of the com- 
pounds formed by the union of acids with iron, will differ according as the mei! 
is oxydated to its maximum of , or its minimum of g. Prouſt affirm; 
that there is no intermedium between theſe two Rates. Ann. de Chem, Tom. 
XXIII. p. 86. 

& Prouſt alſo, in a memoir on the ſame ſubject, deſcribes two kinds of pruſſat 
of iron. The firſt he terms the white pruſſiat. It is prepared by mixing a ſaturat- 
ed ſolution of potaſh with a ſolution of pure green ſulphat of iron, The external 
air is to be carefully excluded from the veſſel in which the mixture is made. A 
copious white precipitate is immediately formed, which gradually acquires a green 
tinge from the air contained in the veſſel. The action of oxygen is evinced by 
the blue colour it acquires from expoſure on the filter to the action of the air. 
The colour of the pruſſiat arrives at its greateſt degree of intenſity only when the 
iron becomes oxydated to its maximum of g. Of all the ſaline combinations df 
Iron, the baſe of this pruſſiat has the ſtrongelt tendency to ſaturate itſelf with oxy- 
gen. Sulphuric and muriatic acids produce no change on the white pruſſiat cf 
iron. The oxygenated muriatic acid gives it inſtantly a blue colour, during which 
the acid loſes its peculiar ſmell. The ſame colour is produced, but more flowly, 
by the addition of nitric acid. A ſolution of ſulphurated hydrogen has no ation 
on the white pruſſiat, but it reſtores the white colour to pruſſiat which has already 
become blue, by depriving it of the oxygen, which, from expoſure to the air, it 
had abſorbed. ; 

The ſecond is the blue pruſſiat of iron. This combiuation is formed directly by 
adding the pruſlat of potaſh to the red ſulphat of iron, to the nitrat, and to all 
the acid ſolutions in which the otyd of iron is at its higheſt degree of oxydation. 
The colour is perfect as ſoon as the pruſſiat of iron is formed, ſo that expoſure to 
the atmoſphere can add nothing to it. The knowledge of this fat enables us to 
underſtand why the red ſulphat and the nitrar of iron decompoſe ſulphurated hy- 
drogen. The converſion of the blue into the white pruſſiat may be alſo effected 
by keeping it ſhut up in a well corked flaſk, with water and plates of iron ot 
tin. The plates of metal take from the oxyd of the pruſſiat the oxygen which it 
has in exceſs, in the ſame manner as mercury decompoſes the oxygenated muria! 


of that ſubſtance. 
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The conjecture of this moſt experienced and enlightened chemiſt has been 
converted into an eſtabliſhed truth by the following happy experiment of Clouet. 
Two parts and a half of quicklime were mixed with one part of dry pulverized 
muriat of ammoniac, and introduced into a ſtone retort. The retort was placed 
in a ſand bath, and a porcelain tube, filled with dry powdered charcoal, adapted 
to it, The other extremity of the tube was connected with a ſeries of tubulated 
jars, containing ſubſtances fitted to abſorb the different gaſes which might como 
over during the courſe of the experiment. The firſt ; jar contained a ſaturated ſo- 
lution of ſulphat of iron, the ſ:cond the ſame ſolution diluted in water with an 
exceſs of acid, and the third a nitric ſolution of iron with an exceſs of acid. The 
porcelain tube was ſurrounded with fuel, and made red hot, and the fire then ap- 
plied to the retort. Ammoniac was immediately diſengaged ; but no ſooner had 
the vapours paſſed over into the firſt jar than a large quantity of Pruſſian blue 
was precipitated, There was none formed in the ſecond jar nor in the third; 
from which, however, a ſtrong ſ\m-l] of nitrous gas was exhaled, Alkali was add» 
ed in exceſs to the ſecond and third jars, and in a ſhort time the Pruſſian blue be · 
yan to appear in them alſo, 

Clouet varied this experiment by filling the firſt j jar with diluted ſulphuric acid 
in order to abſorb any uncombined ammoniac that might paſs over, the ſecond with 
liſtilled water, the third with cauſtic mineral alkali, and a fourth with filings 
of iron and diluted ſulphuric acid, 

When ag end was put to this experiment, the firſt j jar was found to contain not 
only ſulphat of ammoniac, but alſo a certain quantity of the colouring matter; 
the ſecond contained the colouring matter in a very pure ſtate, but it -produced 
the blue precipitate only in thoſe acid ſolutions of iron to Which ſome alkali had 
been previouſly added. In the third jar the mineral alkali was found combined 
with a large quantity of this colouring matter; and in the fourth jar, containing 
the ſulphuric ſolution of iron, A very ſmall quantity of Pruſſian blue had been 
formed. The precipitate from theſe ſolutions was of a blue colour, with a flight 
tinge of green, It acquired, however, a beautiful blue colour by the addition 
ef a little nitric acid, or aqua regia, to the liquor in which it was formed. 

After ſtanding for ſome time, theſe liquors depoſited a conſiderable quantity of 
a browniſh matter. This matter, which was very bulky and light when ſeparat- 
ed from the liquor, filtered and dried, was found, on examination, to be charcoal 
that had not been completely diſſolved by the ammoniac. _ 

Clouet tried to combine the principles of ammoniac, in different proportions, 
with charcoal, in order to produce this colouring matter, but without ſucceſs. 

During the courſe of the experitnent, ſeveral other gaſcs were diſengaged 
which did not contain any colouring matter. "Theſe gaſes were for the greater 
part azotic gas, a little carbonic acid gas, and ſumetimes a ſmall portion of hydro- 
gen gas; but the production of theſe gaſes ſeemed to be owing to the air of the 
atmoſphere, and to the humidity of the charcoal employed to heat the apparatus, 
which had inſinuated themfelves through the pores of the earthen and porcelain 
veſſels. Theſe gaſes could be produced by making the porcelain tube red hot be- 
fore the heat had been applicd to the retort; and when an earthen retort was 
uſed the production of theſe gaſes continued, even after the ammoniac had all 
paſſed over, merely dy continuing to heat the rctort. Ann. de Chem. Tom. XI. 
5. 30. 

This experiment of Clouet, with ſome light variations, has been e ſuc- 
teſsfully at the Polytechnic School in Paris, In the firſt jar having a ſecurity 
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tube, ſome diſtilled water was introduced, into the ſecond a ſaturated ſolation o 
ſulphat of iron, and into the third ſulphuric acid. In this experiment a glaſs, in. 
ſtead of a ſtone retort, was employed. The apparatus being properly arranged, 
the fire was applied to the retort. Carbonat of ammoniac was obſerved to paß 
over into the jars, and a ſmell of ammoniac could be perceived as ſoon as the por. 
celain tube became hot. The operation was continued for ſome hours, but the 
liquors in the Jars did not, upon trial, appear to contain any of the colouring 
principle. Suſpecting that this failure might be owing to the degree of heat that 
was uſed, the heat was ſuddenly increaſed, and this increaſed heat kept up for ſom: 
time longer. Hydrogen gas was now diſengaged ; and as ſoon as the firſt jar wa 
ſaturated with the ammoniacal gas evolved, the iron in the ſecond began to he 
precipitated and to obſtruct the tube that was plunged into this jar. The gas of 
courſe began to eſcape by the ſecurity tube, and the peculiar ſmell of the colour. 
ing matter was immediately recogniſed. The tube having been cleared was re. 
placed, and the precipitation continued to go on as before. The precipitate wa 
at firſt of a broven colour, which gradually became darker till it became of a green 
colour, approaching to black. On putting an end to the operation, the laſt jar 
was found not to contain any colouring matter; but by adding muriatic acid to 
the precipitate in the ſecond, Pruffian blue was immediately formed. The liquor 
in the firſt jar precipitated the ſolution of iron of a brown cobbur. An addition 
of this liquor rediſſolved the precipitate, The muriatic, nitric, and nitro-muriz- 
tic acids, equally produced the blue precipitate, whether they were mixed with 


the ſolution of iran, or poured on the precipitate. 


The ſolution of potaſh, added to the liquor which had rediſſolved the precipi- 
tate of iron, took from it the colouring principle. By boiling the mixture, and fil. 
tering it, a pruſſiat of potaſh was obtained, which afforded a very beautiful Proj. 
fian blue with ſolutions of iron. Pruſſiat of potaſh was alſo obtained by boiling 
a little potaſh in the liquor from which the Pruſſian blue had been precip 
tated. 

The ammoniac in the firſt jar contained a conſiderable quantity of the colouring 
matter, but in a very looſe ſtate of combination. See Journ. de Poly. p. 436. 

i Dr. Prieſtley firſt obſerved that nitrous gas was abſorbed by a ſolution of ſul- 
phat of iron, but it was reſerved for Humboldt and Vauquelin to explain the na- 
ture of the intereſting changes which take place during this abſorption. The ni- 
trous gas employed in their experiments contained an admixture of 12 parts in the 


100 of azotic gas. Of 252 cuhic inches of this nitrous gas, introduced into a ſo- 


* 


lution of an ounce and a half of ſulphat of iron, 180 inches were abſorbed. The 
72 cubic inches of unabſorbed gas contained in all only 8,64 of azotic gas; fo that 
about 11 parts in the hundred of this gas had been alſo abſorbed. 

By adding to the ſolution, a ſolution of cauſtic potaſh, a precipitation of green 
oxyd of iron was produced, with an evident diſengagement of ammoniac. The 
addition of concentrated ſulphuric acid praduced an immediate diſengagement cf 
vaponrs evidently conſiſting of nitric acid in the elaſtic ſtate. The ſolution, there. 
fore, muſt neceſſarily have contained a portion of nitrat of ammoniac. From con- 
fidering the nature of the ingredients alſo, it becomes obvious, that the hy 
neceffary to form the ammoniac could only in this experiment have been defived 
from the decompoſition of a portion of water, Vauquelin conceives that ng Ef 
than four forces muſt have concurred in the production of the nitric acid} If, 
That of the oxygen of the water for nitrous gas, by which the nitric aci8 vii 
produced; 2d, That of the uncombined azot, and of the azot in the nitro 


cloſe 
which 
diſtill 
which 
cipital 


NOTES ON. IRON. 453 


gas, for the hydrogen of the water by which the ammoniac was produced; zd, 
That of the ſulphuric acid for ammoniac, by which the ſulphat of ammoniac was 
produced ; and, 4thly, That of the nitric acid for the oxyd of iron, which gave 
birth to the nitrat of iron, Ann, de Chem. Tom. XX VIII p. 181. 

x Fluoric,acid attacks the metal as well as the oxyd of iron, During its com- 
bination with the former, hydrogen gas is evolved, It appears from Rinman's ex- 
periments to be difficult to ſaturate the fluoric acid with iron. By boiling the ſo- 
lution a copious precipitation of the oxyd of iron is produced. Fluat of iron does 
ot cryſtallize, It is decompoſed in the fire, and by alkalis and earths. It is de- 
compoſed alſo by the ſulphuric, nitric, and muriatic acids. 

The boracic acid, diluted with water, diſſolves both the metal and the oxyd of 
iron by the aſſiſtance of heat. The ſolution, which has the colour of amber, de- IF i 
polites, by ſtanding, a yellow ochry precipitate, and, by evaporation, faſciculated 4H 
yellowiſh cryſtals. If a ſolution of borax be mixed with a ſolution of ſulphat of 114; 
iron, a borat of iron is formed, which is very difficultly ſoluble in water. This | 1 

ö 
| 
| 


ſalt is decompoſed by alkalis, and by all the acids except the carbonic. 

Liquid phoſphoric acid diſſolves iron in the heat with violence. During the ſo- 
lution an inflammable gas is diſengaged, which burns, like phoſphorus, with a * 
blue fame. If the acid be not fully ſaturated with iron, the ſolution ſhoots into 117188 
cryſtals, which remain unchanged in the air, but which melt in the fire into a | 
garnet coloured glaſs. When the acid is fully ſaturated with iron a white preci- 
pitate is inſtantly formed, which ig extremely inſoluble even in boiling water. lt 
This is the yderit of Bergman and other chemiſts, I 

Oxalat of iron, with an exceſs of acid, is eaſily ſoluble in water. According 1 
to Bergman, 100 parts of this ſalt conſiſt of 0,55 of acid and 0,45 ef oxyd of 
iron, If the oxalic acid be ſaturated with the oxyd of iron, a whitiſh inſoluble | bf 
precipitate is formed. This acid has the ſtrongeſt affinity of all the acids for | | 
iron. f | i 

The citric acid diſſolves iron readily with the evolution of hydrogen gas. The 11 
ſaturated ſolution is of a dark colour. With time it becomes muddy, black, and 1 | | 
thick, This ſalt is but little known. [7 vu 

The malic acid diſſolves iron, according to Schcele, and forms with it a deli- %%% 
queſcent ſalt, 110 

The benzoic acid acts weakly on the metal, but more powerfully on the oxyd FP. 
of iron. The ſolution affords cryſtals, which have a ſweetiſh taſte, and effloreſce 
iq the air. Benzoat of iron is ſoluble in alcohol. ; 

Succinic acid affords a ſlightly coloured ſolution by digeſtion with iron, and an 
ochry precipitate, the nature of which has not been inveſtigated. | Til. 

During the ſolution of iron in liquid arſenic acid, hydrogen gas is diſengaged. 10 
Scheele remarks that this ſolution often forms into a jelly in open, but never in 
cloſe veſſels. Alkalis precipitate the arſeniat of iron of a greeniſh white colour, 
which becomes reddiſh by expoſure to a glow heat. If one part of iron filings be 
diſtilled with four of arſenic acid, a ſpontaneous inflammation is produced, by 
Which the acid is converted into the oxyd and metal of arſenic. Arſenic acid pre- i 
cipitates the acetat of iron of a dark green. The neutral arſenical ſalts decom- 4 
poſe all the acid ſolutions of iron. Arſeniat of iron is eaſily decompoſed by cal- | 
cining it with charceal. The arſenic acid has very little action on the oxyd of 
iron, 


| Gold unites eaſily with on, and by this union becomes harder and leſs mal- 
Ff ij 
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leable. In the proportion of fix parts of gold to one of ſteel, the metallic mix: 


ture may be beat out into plates without cracking, Iron is only partially ſeparz:. 


ed by combuſtion in a glow heat. It has a ſtronger attraction than gold for the 
oxygenated muriatic and nitro-muriatic acids, and precipitates gold from theſe 
acids in its metallic ſtate. 

Silver combines readily with iron. A mixture of 14 parts of ſilver, and 24 0, 
iron, is more elaſtic than ſilver, attracts the magnet, and is not decompoſed in a 
ſtrong fire. A ſmall portion of iron does not ſeem to injure the colour or malle. 

ability of the ſilver. Iron precipitates ſilver from all its ſolutions in acids: Rut 
this happens in the nitric only, when the acid is not completely ſaturated, or when 
nitrous gas is added. Muriat of ſilver is decompoſed in the dry way by diſtilla- 
tion with iron filings. | » 

Iron precipitates mercury in its metallic ſtate from its ſolution in acids. Diſti!l. 
ed with oxygenated muriat of mercury the muriat is decompoſed, and fluid mer. 
cury produced. Sulphat of iron precipitates mercury from its ſolution in nitric 
acid in its metallic ſtate, 

Lead is precipitated from its ſolutions in acids by iron. 

Tron precipitates biſmnth from its acid ſolutions, and in the dry way takes from 
it the ſulphur which it contains. 

Nickel has the ſtrongeſt affinity of all the metals for iron, and is ſeparated from 
it with the greateſt difficulty. The admixture of nickel does not injure the mul. 
leability of the iron, but rather ſeems to increaſe it. It renders the iron leh 
fuſible, Nickel is precipitated only in a very imperfect manner by iron from its 
ſolutions i in acids, 

Iron unites in cloſe veſſels with arſenic. This combination renders the iron 
more brittle, and diminiſhes its attraction for the magnet. It is ſeparated from 


the iron with difficulty. 


m The affinity of iron for carbon is ſo great, that in a high temperature it take; 
the carbon from carbonic acid. By putting iron, cut into ſmall pieces, into a ctu- 
cible, along with equal parts of carbonat of lime and argil, and keeping them for 
an hour or more in the degree of heat neceflary to weld iron, Clouet obtained a 
ſeel ſimilar to caft ſteel. Morveau attributes the decompoſition of the carbonic 
acid, which took place in this proceſs, to the concurrence of the affinity of one 
portion of the iron for oxygen, and of the other for the carbon. And according- 


ly it happens, in this proceſs, that the green oxyd of iron is uniformly produced 


The loſs of iron by oxydation, in this experiment, varied from about a twelſth to 
a twentieth part. Morveau ſuggeſts whether ſteel may not be obtained in this 
way containing always the ſame quantity of carbon? a condition ſo much to be 
wiſhed for in the manufacture of this ſubſtance, 

n Frym the mean reſults of ſeveral experiments, Vauquelin concludes that the 
carbure of iron conſiſts 6f 


Carbon, - 0,53 
Iron, - 0,26 
Silex, - 0,21 


The preſence of the ſilex, however, that able chemiſt conſidered as merely acti- 
dental, and as varying according to the circumſtances in which the carbure f 
iron is formed. Arn. de Chem, Tom. XXII, p. 1. 
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CHAPTER XIX. - 


CONCERNING COPFER, 


(over is a ductile metal, of a red brilliant colour, to which 
chemiſts have given the name of Venus, on account of the fa- 
cility with which 1t unites to, and becomes changed by, a great 
number of bodies. It has a diſagreeable ſmell, which is more 
ſenfible when it is rubbed or heated; its taſte 1s ſtyptie and 
nauſeous, though leſs. perceptible than that of iron ; it is hard, 
elaſtic, and ſonorous, very ductile, and capable of being re- 
duced into exceedingly thin leaves, or fine wire; by immerſion 
in water it loſes between one eighth and one ninth of, its 
weight ; its tenacity is ſuch, that a copper wire of the tenth 
of an inch in diameter, can ſuſtain a weight of 2994 pounds 
before it breaks; its fracture appears compoſed of ſmall grains; 
it is ſuſceptible of a regular form; the Abbe Mongez deſcribes 
its cryſtals as quadrangular pyramids, ſometimes ſolid, and 
ſometimes compoſed of other fimilar ſmall pyramids, laterally 
adhering. 

Copper is found in the earth in various ſtates ; its ores are 
very numerous, but may all be referred to the following : 

1, Native copper having the red colour, the malleability, 
and all the other properties of this metal, It is diſtinguiſhed 
into two kinds, copper of the firſt formation, and coppet of 
the ſecond formation, or of cementation. The copper of the 
irſt formation is diſperſed in laminæ, or fibres, in a gangue 
almoſt always quartzoſe ; ſome of its cryſtals, of an octahedral 
form, and adhering laterally to each other, reſemble a kind of 
vegetation ; other ſpecimens are in maſſes or grains. Copper 
of cementation is commonly in grains, or ſuperficial lamine, 
on ſtones or on iron: this laſt appears to have been depoſited 
in waters, containing ſulphat of copper which has been preci- 
pitated by iron. Native copper is found in many parts of Eu- 


rope ; at St. Bell, in * at Norberg, in Sweden; at New- 
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fol, in Hungary; in Siberia, where it appears to be in very 
great abundance; and in ſeveral parts of America“. 

2. Copper, oxydated and mineralized by the carbonic acid: 
there are ſeveral varieties of this native carbonat of copper. 
Varieties. 

A. Red copper, or hepatic ore of copper. This ore is known 
by its red duſky colour, ſimilar to that which is de. 
tached by the hammer from red hot copper. Monnet 
conſiders this ore as native oxyd of copper ; it is uſually 
mixed with native copper and mountain green ; it 1s rare, 
and ſometimes cryſtallized in octahedrons, or filky fibres, 
called flowers of copper. 

B. Earthy copper, mountain green, or green chryſocolla. This 
ore is a true oxyd of copper, of a more or leſs deep 
green, not heavy, and unequally diſtributed in its gangue: 
it appears to be combined with the carbonic acid, ac. 
cording to the analyſis made by the Abbe Fontana of the 
malachite. It is ſometimes very pure, and is dillin. 
guiſhable into three ſtates. . 

1. Simple mountain green, earthy or 10 called likewiſe 
green chyſacolla. 

2. Cryſtallized mountain green, or filky copper ore of China, 
this ore, which 1s common in the Hartz, is likewiſe found in 
China; it is very pure, and cryſtallized in loug filky bundles, 
of conſiderable ſolidity. That of Siberia is very beautiful, 

Mountain green in ſtalactites, or malachite ; this ſubſtance is 
found frequently in Siberia, is compoſed.of beds which repre- 
ſent nipples of various magnitudes ; ſome ſpecimens are com- 
poſed of needles, converging towards a common centre ; the 
different layers have not the ſame ſhades of green. The grain 
of malachite is ſufficiently hard to receive a good poliſh, and 
is therefore worked into different toys ; but as it is frequently 
porous, and full of unequal cavities, the ſolid pieces of a cer- 
tain ſixe are reckoned valuable, 

C. Mountain blue, or blue chr pſacolla. It is an oxyd of copper, 
of a deep blue colour, ſometimes regularly formed in 
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rhomboidal priſmatic cryſtals of a fine blue; it is then 
called azure of copper. At other times it has the form of 
{mall grains, diſpoſed in a cavity of different gangues, i 104 
eſpecially quartz; it uſually conſtitutes ſuperficial layers 1 
in the cavities of the grey and yellow copper ores. All it it 
theſe oxyds of copper appear to have been precipitated 1 
from ſulphuric ſolutions of copper, by the intermedium 
of calcareous earths, through which the waters have 
tranſuded. Sage confirms theſe blue copper ores as com- 6 
binations of copper with the ammoniac, from which he 
affirms they differ only in their leſs degree of ſolubility ; 
he likewiſe thinks that the malachites is produced from 
this blue, which he calls tranſparent azure ore ; but the 
greater number of mineralogiſts have not adopted this 
opinion. Morveau thinks that blue oxyd of copper does 
not differ from the green oxyd, but in the n — 
of its being leſs oxydated. 
The blue oxyd of copper colours certain ſtones, more e- 
ſpecially turquoiſe ſtone, in which Reaumur found cop- 
per, and the lapis armenius, whoſe baſe is calcareous 
carbonat, or ſulphat of lime. Mr. Kirwan reckons theſe 
blue ſtones as a ſpecies of copper ore. The turquoiſe 
ſtone is formed of the bones of animals, coloured by 
copper; thoſe of Perſia are not attacked by the nitric 
acid, according to Reaumur ; but thoſe of * 
are completely ſoluble in that menſtruum. 
3. Copper mineralized by the muriatic acid, and united to 
clay. Werner ſpeaks of this ore in his tranſlation of Cron- 
ſtedt; it has been confounded with tale, and a perſon of the 1 
name of Dans expoſed it to ſale in Paris in the year 1784, un- = 
der the name of green mica; it confiſts of ſmall beautifully 
green cryſtals, or ſmall brilliant ſcales. Foſter diſcovered it 
in the mines of John Georgenſtadt ; the green cupreous ſand 
of Peru, which has been brought by Dombey, and in which | 
| analyſis has ſhown the exiſtence of a little muriatic acid, is per- 4 
haps referable to this ore. 
4. Copper mineralized by ſulphur, with ſcarcely any iron. 
This is called by the very improper name of vitreous copper ore ; 
it is of a deep violet grey, greeniſh brown, or liver colour; it 
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melts by a very gentle heat, is ponderous, ſometimes flexible, 
and always yields to the knife; in its fracture it appears bril. 
liant like gold; it is one of the richeſt ores of copper, as it af. 
fords about ninety pounds of metal per hundred weight. 

5. Copper mineralized by ſulphur, with more iron than the 
foregoing; azure copper ore; it does not differ from the pre. 
ceding but in the quantity of iron, which ſometimes amounts 


to thirty pounds per quintal; it affords no more than fifty or 


fixty pounds of copper per quintal, the reſt being ſulphur : 
theſe two ores are conveniently aſſayed by acids. 

6. Copper mineralized by ſulphur, with much iron ; bril. 
liant or yellow pyrites. The quantity of ſulphur and copper 
varies greatly in this mineral, the iron is always very abun. 
dant. It forms veins in the earth. This ore is ſometimes 
maſſy, and of a dark colour; it often appears ſcaly, and, as it 
were, micaceous ; in this form it is found in Denmark, Nor. 
way, Sweden, and St. Marie-aux-Mines, in France. Some. 
times it is diſſeminated in its gangue, like the copper of Alfa. 
tia; and is then called /potted ore of copper: this variety is often 


mixed with a ſmall quantity of azure. The cupreous pyrites 


often preſent very brilliant blue, or violet colours at their ſur. 
face, which are produced by the decompoſition of their prin- 
ciples: they are then called chatoyant ores of copper, or 
peacock's tail ores they commonly contain a large quantity of 
ſulphur, a ſmall quantity of iron, and are not rich in copper. 
When theſe ores are only ſuperficially difleminated in their 
gangues, they are more particularly diſtinguiſhed by the name 
of copper pyrites ; ſuch are the ores of Derbylhire, in England; 
ſome of thoſe of St. Bell, in Lyons, and many ores of Alſatia, 
ſuch as thoſe of Caulenbach and Feldens ; they adhere to eve- 
ry kind of gangue, rock cryſtal, quartzoſe ſpar, ſchiſtus, mica, 
&c, 


7. Copper united to ſulphur, arſenic, iron, and- a ſmall 


quantity of filver. This ore, called arſenical copper ore, or fah- 


letz, greatly reſembles the grey ſilver ore, being only ſome- 


what leſs brilliant, and differs merely from that, in containing 
a leſs quantity of filver. Rome de Liſle likewiſe diſtinguiſhes 
s white copper ore, which contains, according to him, rather 
more ſilver than the grey, but it is in reality a ſilver ore. The 
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fahlertz commonly affords from thirty- ſive to ſixty pounds per 
quintal. 

8. Copper mineralized by ſulphur and arſenic, with iron 
and zink, brown or blendſe copper ore. Monnet found this ore 
only at Catharineberg in Bohemia ; it is brown, granulated, 


and very hard, and contains from eighteen to thirty pounds of 


copper per quintal. 

9. Schiſtoſe copper ore. This conſiſts of the witreous copper 
we, very intimately mixed in a brown or black ſhiſtus. It con- 
tains from ſix to ten pounds per quintal; chalk muſt be added 
in order to fuſe it. 

10, Bituminous copper ore. This conſiſts of copper ore 
mixed with a kind of pit coal in Sweden. 

11. Black copper ore, of the colour of pitch. Gellert de- 
nominates it copper ore in ſcorie ; it is a reſidue of the decom- 
poſition of the yellow and grey copper ores, which contain 
neither ſulphur nor arſenic, and approaches to the ſtate of ma- 
lachite ; it has a black ſhining appearance like pitch. 

12. Copper united to ſulphur and arſenic, containing anti- 
mony : antimonial copper ore. Sage mentions this ore in his 
Elements of Mineralogy ; it is grey and brilliant in its frac- 
ture, like antimony, and contains from fourteen to twenty 
pounds of copper in the quintal. 

To aſſay an ore of copper, it muſt firſt be pounded and waſh- 
ed, and then roaſted for a long time by a ſtrong heat, and laſt- 
ly, melted with four times its weight of black flux and marine 
alt ; the button, which is often rendered black by a remaining 
portion of ſulphur, muſt be melted with four parts of lead, 
and cupelled, in order to ſeparate the filver and gold it may 
contain ; becauſe there are few copper ores which do not con- 
tain a certain quantity of theſe precious metals, The flux of 
Tillet, which is a mixture of two parts of pounded glaſs, with 
one of calcined borax, and one eighth of charcoal, ſacceeds bet- 
ter for theſe reductions than the black flux, becauſe the latter 
forms an alkaline ſulphure, which diffolves part of the oxyd of 
copper. 

Bergman adviſes the application of the ſulphuric and nitric 
acids in the aſſay of theſe ores by the humid way; when the 
copper is diflolved by the acids, it is precipitated by iron. 
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In the large way, copper ores are pounded, waſhed, and 
roaſted in the open air, with ſcarcely any additional fuel, be. 


r 
cauſe the ſulphur they contain burns of itſelf, as ſoon as it i; t 
well ſet on fire. When it is burnt out, the ore is roaſted once 2 
or twice more with wood, and is melted in an open fire, into t 


the ſubſtance called à ma# of copper ; the mat conſiſts of copper 
which ſtill contains a portion of ſulphur : the fufions it is ſub. 9 
jected to ſerves to preſent new ſurfaces of the metal to the air, 1 
in order that it may be roaſted with great facility, After fix 4 
or ſeven ſucceſſive roaſtings, according to the quantity of cop. [ 
per the ore may contain, it is at laſt fuſed into black copper, tl 
which, though malleable, ſtill contains a portion of ſulphur, 7 
which is not ſeparated but by the proceſs for the extraction of tl 
the perfect metals it contains, The black copper is fuſed with 
three times its weight of lead, which is called refreſhing the cy. 
per, and this mixture is caſt in moulds into the form of loaves, 
called loaves of eliguation. Theſe are placed on two plates of 
iron, inclined in ſuch a manner as to leave an opening between 
them at the bottom ; the plates compoſe the ypper part of the 
furnace of eliquation, whoſe bottom flopes forward; the fire 
made beneath the plates heats the loaves; the lead melts and 
flows down among the coals, carrying with it the filver and the 
gold, with which it has a ſtronger affinity than the copper. 
After this operation, which is termed eliguation, the loaves are 
found conſiderably diminiſhed in weight, and changed in figure; 
the heat is then raiſed, ſo that the copper may be nearly melt- 
ed, in order that all the lead may be perfectly ſeparated. The 
lead containing the perfect metals is carried to the cuppelling 
furnace ; and the copper is refined by melting in a crucible, 
where it remains a ſufficient time to throw up, in the form of 
ſeum, all foreign ſubſtances it may contain; it is examined 
from time to time, by immerſing iron rods in it, which become 
colgured with a ſmall quantity of copper, and its purity 15 
judged of by the brilliant redneſs of theſe ſpecimens. Refined 
copper 1s caſt into plates, or into roſettes; to form a rolette, 
the ſcoriz which cover the copper in fuſion, are carefully re- 
moved, and the ſurface of the metal is ſuffered to congeal. 
When it is no longer fluid, a wet broom is applied, the cold 
cauſes it to ſhrink, and a congealed portion of the metal nt 
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only detaches itſelf from the ſides of the erueible, but from the | 
reſt of the melted metal, from which it is taken with tongs ; | þ 
the greateſt part of the copper is, by repeating this operation, i 
converted into roſettes ; the portion which remains at the 
tom is called the Ling. 

Cupreous pyrites, which contain but a a ſia bed of me 
tal, are not worked but for the purpoſe of extracting ſulphur 
and vitriol. At St. Bell, and in many other places, they are 
roaſted, and expoſed to diſtillation to ſeparate the ſulphur. 14 
During the toaſting, a portion of the ſulphuric acid reacts on 198 
the metal, diffolves it, and begins to form ſulphat of copper. 
The roaſted pyrites are afterwards expoſed to the air. When 
the vitriolization is finiſhed, the pyrites are lixiviated, and, by 
evaporation of the filtered liquor, a ſalt, in blue rhomboidal 
cryſtals, called cupreous vitriol, blue vitriol, blue copperas, or C= | 
prian vitriol, is obtained, We ſhall x pogo of this ſalt among #4810 
the combinations of this metal. 

Copper, when heated, becomes coloured on its ſurface, near- 
ly in the ſame manner as ſteel ; the colours are blue, yellow, 
and laſtly, violet: it does not melt till it is ſtrongly ignited; 
when completely fuſed it appears covered with a green flame, | 
boils, and is volatilized, as may be obſerved, in the chimneys 10:09 
of founderys . Flowers of copper are likewiſe found in the 111 
melting pots. If this metal be projected through flame, in . Ht 
ſmall filings, it produces a blue and green colour, and from 
that property it is uſed in fire works. If the melted metal be #] 
ſuffered to cool ſlowly, and, after the ſurface is become con- | 
gealed, the fluid portion be poured off, the remaining ſolid 4 
part is found to be cryſtallized in pyramids; which are more 
regular and large, in proportion as the fuſion has been more 
complete, and the cooling more gradual ; its pyramids are 1 
quadrangular, and appear to be formed of a great number of 
octahedrons, inſerted one in the other. | 

Copper heated with acceſs of air, burns at its ſarface, and $I { | 
is converted into an oxyd of a dark red, in proportion as it 4h 
abſorbs the baſe of vital air: this oxyd may be eafily obtained 
by heating a ball of copper to redneſs, which cauſes the oxyd 
to ſcale off. The ſame effect takes place when red hot copper 
is quenched in cold water; the ſudden contraction of the parts 
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of the metal, facilitating the ſeparatzon of the portion of oxyq, 


which covers the ſurface : this oxyd falls to the bottom of the 
water, and is called ſcales of copper. As it is not perfectly oxy. 
dated, it may be burned afreſh in the muffel of the cupelling 
furnace; after which laſt proceſs it is found to be of a deep 
brown colour; but by a violent heat it melts into a maſs of x 
blackiſh or deep reddiſh brown colour. The oxyd of copper 
may be decompoſed, and deprived of the oxygen, which takes 
its metallic properties by oils, reſins, &c. The ſcoriæ are 
partly reducible, without addition, for the founders, who buy 
them of the copperſmiths, take no other trouble with then 
than that of throwing them into large crucibles on the melted 
copper, with which they incorporate by fuſion; the ſame me- 
thod is. uſed to melt the filings. The oxyd of copper appear; 
to poſſeſs ſome ſaline properties, but its nature has not yet been 
aſcertained. | in 888 

The air attacks copper with greater or leſs facility, accord- 
ingly as the fluid is more or leſs loaded with moiſture, aud 
converts it into a , or green oxyd, which appears to have 
ſome ſaline qualities, viz. taſte and ſolubility in water. From 
this circumſtance the ancient chemiſts admitted the exiſtence of 
a ſalt of copper. It is remarkable, that this 2 never attacks 
copper, except at the ſurface, and ſeems even to contribute to 
the preſervation of the internal parts and maſles of this me- 
tal, as may be ſeen in antique medals and ſtatues, which ate 
preſerved very well beneath a covering of ruſt, The antique 
rians call this cruſt patina, and ſet a high value on it, becauſe 
it ſhows the antiquity of the pieces, which are covered with ii. 
Many artiſts, and in particular the Italians, know how to imi- 
tate this coating, and to counterfeit the antique bronzes. 

The oxydation of copper by humid air, appears to be pro- 
duced by water in the ſtate of extreme diviſion ; this fluid 
however does not appear to attack copper, nor decompoſe it 
like iron, at a high temperature. This metal ſeems to be more 
oxydifiable by cold water; it being a well known fact, that 
more danger attends the ſuffering of fluids to cool in coppet 
veſſels, than in making them boil ; becauſe, as long as the fluid 
is boiling, and the veſſel hot, the aqueous vapour does not ad- 
here to its ſurface ; but when the veſſel is cold, the drops of 
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water which adhere to its fides ſeem to reduce it into green 
oxyd. It is to the air and the carbonic acid diſtributed therein 
we muſt attribute this oxydation ; for by diſtilling this ruſt of 
copper in the pneumato- chemical apparatus, I have obtained 
carbonic acid. | 
Copper does not unite with eartby'm matters ; > Its oxyd- faci- 
litates their fuſion, and forms with them Llaſles of a deep 


brown. 


per, and the action of theſe ſubſtances on the oxyds of that 
metal is not known. 

Cauſtic fixed alkalis digeſted in the cold with copper Slings 
aſſume, at the end of a certain time, a light blue colour, the 
copper becoming covered with a powder of the ſame colour; 
theſe ſolutions are better effected in the cold than by the aſſiſt- 
ance of heat, according to Monnet. It is nevertheleſs eſſential 
to be obſerved, that this chemiſt made uſe of carbonat of pot- 
aſh. inſtead of pure fixed alkali, which laſt appears to have a 
much ſtronger action on copper. But neither the one nor the 
other of theſe ſalts does any thing more than favour and acce- 
lerate the precipitation of atmoſpheric oxygen upon the cop» 
per, for this oxydation of the metal does not take place with- 
out the contact of air. 

This fact is more eſpecially remarkable in the action of am- 
moniac, which diſſolves copper with conſiderable rapidity. 
This ſalt, digeſted upon copper filings with the contact of air, 
produces, at the end of a few hours, a deep and moſt beautiful 
blue ; the quantity of copper taken up is very inconſiderable. 
] have obſerved the phenomena of this ſolution for the ſpace 
of a year. In a ſmall bottle cauſtic ammoniac was poured on 
filings of copper, the bottle was frequently opened; at the end 
of ſeveral months the ſurface of the metal was covered with a 
blue oxyd ; the ſides of the bottle were cavered with an oxyd 
ef a pale blue, and the lower part of the bottle which contain- 
ed the copper, exhihited on the ſurface of the glaſs a brown 
oxyd, whoſe upper part was yellowith : this liquor loſes its 
colour almoſt entirely when kept cloſe, but it re-appears again 
when the bottle is opened. This phenomenon does not appear 
12 a very evident manner, excepting at firſt, and when the ſolu. 


Barytes, magneſia, and ales, have no evident Gion on cop- 
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tion is decanted from the copper ; if the ſolution be old, and 
the copper ſtill remains in it, its colour is of a beautiful blue, 
though in cloſed veſſels ; but on expoſure to air it becomes 
deeper. We manifeſtly ſee the influence of atmoſpheric oxy. 
gen in theſe phenomena, 

By ſlowly evaporating the folution of — by ammoniac 
in the fire, the greateſt part of this ſalt is diſſipated, a portion 
remains fixed with the oxyd of the metal, and is depoſited in the 
Form of ſoft cryſtals, as Monnet has obſerved. Sage affirms, 
that very beautiful cryſtals may be obtained by a flow evapo- 
ration, and has compared them to the natural azure of copper. 
The latter ſubſtance does not, however, afford ammoniac when 
heated; is inſoluble in water, and does not effloreſce in the air 
like that prepared by art. Baume affirms, that this compound 
affords very brilliant cryſtals, of a beautiful blue. The fola. 
tion expoſed to the air dries quickly, and leaves a graſs green 


ſubſtance, which is merely a green oxyd of copper. Sage 


thinks that malachite is thus produced. But this oxyd does 
not afford carbonic acid, as the earthy ore of copper does. If 
an acid be poured into the ſolution of copper by liquid ammo. 
aiac, no precipitate is formed, but the blue colour diſappears 
totally, and becomes converted into a very pale green. This 
phenomenon, which has been obſerved by Pott and Monnet, 
ſhows that the quantity of oxyd of copper in ammoniac 1s very 
ſmall, and that it is re- diſſolved by the acid, or by the ammo- 
niacal ſalt, formed by the addition of the acid. The blue co- 
lour may, however, be made to appear again, by the addition of 
ammoniac to the mixture. The oxyd of copper formed by 
fire, and every other oxyd of this metal, diſſolves 1mmediately 
in pure ammoniac, which by this means may be made to take 
up a good quantity of the metal; a moſt beautiful colour being 
at the ſame time produced. From this property the ammoniac 
has been propoſed as a teſt to diſcover the ſmalleſt portion of 
copper in all matters in which its exiſtence may be ſuſpected. 
The oxyd of ammoniacal copper, or ammoniac united to the 
oxyd of this metal, is decompoſed into its two component prit- 
ciples, by expoſure to a ſtrong heat; the oxygen quits the cop- 
per to unite with the hydrogen of the ammoniac, with which 
it forms water, the copper paſſes again to the metallic ſtate, 
2 
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aud the azot, che other principle of ammoniac, is diſengaged in 
the gaz eous form. This is one of the experiments which con- 
ducted Berthollet to the diſcovery of the compoſition of am- 
moniac. A fmall quantity of nitric acid alſo appears to be 
formed by the union of the azot of the ammoniac with a por- 
tion of the oxygen of the copper. 

The ſulphurie acid does not act on copper but when concen- 
trated and boiling ; much ſulphureous acid gas is diſengaged 
during the ſolution, A brown matter, of the conſiſtence of a 


thick fluid, containing oxyd of copper, and a portion of the 


oxyd combined with the ſulphuric acid, are found at the bot- 
tom; from which, by the addition of water and filtration, a 
blue ſolution is obtained: if this be evaporated to a certain 
point, and ſuffered to cool, rhomboidal long cryſtals are afford- 
ed; of a beautiful blue colour, called ſulphat of copper: if the 
ſolution, inſtead of being evaporated, be left expoſed a long 
time to the air, it affords cryſtals ; but a green oxyd is preci- 
pitated. All the oxyds of copper when formed or dried in the 
air, are of this colour. 

Sulphat of copper has a very ſtrong ſtyptic taſte, approach- 
ing even to cauſticity; when expoſed to heat it very ſoon 
melts, loſes its water of cryſtallization, and becomes of a 
blueiſh white ; a ſtrong heat is required to ſeparate the ſul- 
phuric acid, which adheres much more ſtrongly to the oxyd of 
copper than to that of iron, though the iron indeed decompoſes 
the ſolutions of copper by-a different attraction, that of the 
iron for oxygen. Sulphat of copper is decompoſed by magne- 
a and by lime; the precipitate formed by either of theſe ſub- 
ſtances is of a blueiſh white, but becomes green if dried by ex- 


poſure to air, Hence ſome chemiſts affirm, that the precipi- 


tates of ſulphat of copper are green: the ſaine is true of the 
precipitates obtained by fixed alkalis in the different ſtates, 
being firſt blueiſh,' and aſſuming a green colour as they dry ; 
mountgin green may perhaps be formed in this manner. We 


muſt obſerve, that when ſulphat of copper is precipitated by 


the ſolution of carbonat of potaſh, no efferveſcence is excited, 
which is a proof that the carbonic acid unites readily with the 


oxyd of copper. All metallic ſolutions do not exhibit this 


Menomenon, Armmoniac precipitates the ſolution of ſulphat 
Val. II. G g 
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of copper in the ſame manner, of a blueiſh white colour; but 
the mixture very ſoon aſſumes a deep blue colour, becauſe the 
ammoniac diſſolves the precipitate. A very ſmall quantity of 
this ſalt is ſufficient to re-diſſolve all the oxyd of the copper 
ſeparated from the ſulphuric acid. 

The nitric acid diſſolves copper with great rapidity in the 
cold ; a large quanfity of very red nitrous gas being at the 
ſamè time diſengaged. This is the method uſed by Dr. Prieſt. 
ley to obtain a very ſirong nitrous gas. A portion of the me. 
tal reduced to the ſtate of oxyd is precipitated in the form of 
a brown powder, and is ſeparated by the filter. The filtrated 
ſolution is of a much deeper blue than the ſulphuric ſolution, 
which ſhows that the copper is more perfectly oxydated ; by 
previous and careful evaporation, cryſtals may be obtained in 
cooling. Macquer is one of the firſt chemiſts who obſerved 
this property, in his Memoir on the ſolubility of ſalts in ſpirit 
of wine, If its cryftals be formed very ſlowly, they have the 
figure of long parallelograms ; if more quickly depoſited, they 
are hexahedra] priſms, with an obtuſe point, irregularly diſpoſ- 
ed, and reſembling bundles of divergent needles. Laſtly, If 
this ſolution be too much evaporated, it affords only a magma, 
of an irregular form; which doubtleſs occaſioned certain che- 
miſts to aſſert, that the ſolution was not ſuſceptible of cryſtalli. 
zation. Nitrat of copper is of a very bright blue, and is ſo 
cauſtic, that it may be employed in corroding the excreſcences 
which arife on the ſkin ; it melts, according to Sage, at the 
temperature of twenty degrees of the thermometer of Reau- 
mur, and detonates on burning coals, though this phenomenon 
is ſcarcely ſenſible, on account of the large quantity of water 
| it contains. When melted in a crucible it emits large quanti- 
ties of nitrous vapour, which may be collected by diſtillation ; 
when 'dried, its colour 1s green ; an increaſe of the heat con- 
verts it to a brown, in which ſtate it is a pure oxyd of copper. 
J have diſtilled this ſalt with the pneumato-chemical apparatus, 
and obtained much nitrous gas, a ſmall quantity of carbonic acid, 
and a ſmall quantity of vital air; it was converted into a brown 
oxyd by this operation. Nitrat of copper attracts the moil- 
ture of the air, but it may be preſerved a long time in cloſe 
veſſels. In a dry and hot air it becomes covered with a green 
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eAbreſcence. It is very ſoluble in water, and rather more ſo 
in hot than in cold water. The ſolution expoſed to the air in 
ſhallow veſſels, or quickly evaporated in hot and dry weather, 
leaves an oxyd of the ſame green colour as the cryſtals of the 
ſalt have in fimilar circumſtances. It is precipitated by lime, 
and is then of a pale blue colour ; by fixed alkalis of a pale 
blueiſh white ; by ammoniac in flocks of the ſame colour, which 
are vety quickly re-diflolved, and produce a brilliant deep blue 
colour in the liquor ; by alkaline ſulphures of a reddiih brown 
colour, without an hepatic ſmell ; and by tincture of nut-galls, 
of an olive green. The ſulphuric acid likewiſe diſſolves nitrat 
of copper, and blue cryſtals of ſulphat of copper are obtained, 
if the acid be uſed in a very concentrated ſtate. Stahl obſerv- 
ed this decompoſition : Monnet has fince confirmed it, and I 
have-ſeveral times had occaſion to make the ſame obſervation. 
Iron has a ſtronger affinity with moſt acids than copper. When 
a plate of iron is plunged in a ſolution of copper by acids, and 
in particular by the nitric acid, the copper is precipitated in 
the metallic form, and covers the ſurface of the iron; this pre- 
cipitation depends on the ftronger affinity of the iron than of 
the copper to oxygen. The ſulphat of copper exhibits the 
ſame phenomenon, and this proceſs has been uſed by impoſtors 
to make the credulous believe they were able to convert iron 
into copper. 

The muriatic avid does not diſſolve copper, unleſs it be con- 
centrated and boiling. Only a ſmall quantity of hydrogen 


- 


gas is diſengaged during this ſolution. The muriatic acid af. | 


ſumes a very deep and almoſt brown colour; the combination 


forms a magma very ſoluble in water; if it be hixiviated, the 
water becomes of a beautiful green colour, which diſtinguiſhes 
this ſolution from the two foregoing z when ſlowly and cauti- 
oully evaporated, and ſuffered to cool, it depoſits priſmatic cryſ- 
tals of a regular form; on the contrary, if the evaporation has 
deen too rapid, and the cooling too ſudden, it preſents ny 
very ſmall ſharp needles. 

The muriat of copper is of a very agreeable graſs green co- 
lour, its taſte is cauſtic, and very aſtringent, and it melts by a 
gentle heat, congealing again into a maſs when ſuffered to cool. 
Monnet afficms, that the muriatic acid adheres very firongly 
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a conſiderable heat. It ſtrongly attracts the moiſture of the 


air, and is decompoſable by the ſame intermediums as, the pre. 
ceding ſalts of copper. I have obſerved, that ammoniac does 
not diſſolve the oxyd of copper ſeparated from the muriatic 
acid, ſo well as that which is ſeparated from the ſulphat and 
nitrat of copper. Its blue colour is not fo lively, and a por. 
tion of this oxyd not completely ſoluble, remains which ap- 
pears to be in a higher degree of oxydation 1n this ſolution than 
in the others. The ſulphuric and nitric acids do not decom- 
poſe the muriat of copper. The nitric ſolutions of mercury 
and filver decompoſe it by double affinity, a white precipitate 
being formed by the tranſpoſition of the muriatic acid to the 
oxyd of mercury or of the filver, and by the union of the 
oxyd of copper to the nitric acid. I have, however, obſerved, 
that the liquor does not aſſume a blue colour, which the ſolu. 
tion of copper by the nitric acid ought to have; and that in 
general the oxyd of copper formed. by the muriatic acid does 
not-take this colour but with difficulty, as we have already ob. 
ſerved with reſpe& to ammoniac. It ſeems to me, in general, 
that the oxyds of copper paſs very eaſily from blue to green, 
but difficultly from green to blue. The muriatic acid diſſolves 
the oxyd of copper with much more facility. than copper itſelf, 
This fact has been well obſerved by Brandt. The ſolution is 
of a fine green, and cryſtallizes as eaſily as the former, which 
proves, that, in the faline combinations of metals, the latter 
are always in the ſtate of oxyds, as we have already obſerved”, 

Nitre detonates difficultly by the. addition of copper; the 
ſalt muſt be melted, and the copper very hot, in. order that 
the deflagration may take place, otherwiſe it is very feeble, 
This operation is made by throwing filings of copper on nitre 
in fuſion in a large crucible, in order that the contact may be 
ſufficiently large. When the metal is ſtrongly heated, a flight 
motion, accompanied with ſmall flaſhes, is obſerved : the reſ- 
due is an oxyd of a browniſh grey, mixed with potaſh. This 
being waſhed, the water ſeizes the alkali, which retains a ſmal 
quantity of copper, and the oxyd of the metal remains pure. 
Tt flows without addition into a glaſs of a deep opake brown, 
; uſed in colouring enamels; the alkali is thought to be render- 


_ ww» FF EF ww AMFTMH7T 26m or oe CES 


= 6D a4 a aa 


© = 


cl 


COPPER, 469 


ed cauſtic, but no experiments on this ſubje& have yet been 
made with ſufficient accuracy. | 

Copper decompoſes muriat of ammoniac very readily. Buc- v4 
quet, who examined this. decompoſition with great care, ob- of 
tained by the pneumato-chemical apparatus over mercury, 10 
from two drachms of copper filings, and one drachm of am- wy | 
moniacal muriat, fifty-eight inches of elaſtic fluid, of which g 1 
twenty-ſix inches conſiſted of very pure ammoniac gas, twenty- fl | 


. 


fix of detonating inflammable gas, and fix of mephitical gas, 1 
which extinguiſhed candles without being abſorbed with water, 1 
and without precipitating lime water. The azotic gas is a pro- qi: 
duct of the decompoſition of a portion of liquid ammoniac. A | 
{mall quantity of liquid ammoniac is difengaged, which ſwims 
over the mercury. The reſidue was a maſs of a blackiſh green, | 
of which half was diſſolved by the water, and communicated to it 
a green colour, which is a diſtinctive character of the muriat of BY 
copper ; the other half exhibited a kind of brown oxyd of copper, 14 
formed by the water of the ammoniacal muriat. When this de- "A | 
compoſition was repeated in the doſe of four ounces of copper 1111 
with two ounces of ammoniacal muriat, in the common appara- N 
tus, Bucquet obtained two drachms eighteen grains of blue liquid 0.8 
ammoniac, which efferveſced a little with acids, and contained | | | 
about one cubic inch of carbonic acid in the drachm. This 141,0 
chemiſt was at a loſs to determine whence the latter gas was | | | 
produced, but I think it may ariſe from ſome impurities ir the 111 
fal.ammomiac ; for having repeated this experiment with am- | ! \| 
moniacal muriat purified by ſublimation, I obtained a very ; 1 
cauſtic ammoniac, which did not at all efferveſce with acids. | | 
The oxyd of copper likewiſe decompoſes ammoniacal muriat, ＋ 
and affords a portion of carbonic acid, together with the am- 
moniac it diſengages, which renders: the latter efferveſcent. | 
This alkali is always blue, becauſe it carries up with it a ſmall | 
portion of the oxyd of copper, to which its colour is owing. 
Acids do not however precipitate this metal. Two medicines 
are prepared in pharmacy with ammoniacal muriat and copper, 
of which the firit has received the name of cyþreous ammoniacal 
flowers, or ens veneris, and is nothing more than ammoniacal 
muriat coloured by a ſmall portion of oxyd of copper. A 
mixture of eight ounces of this ſalt with one drachm of the 
oxyd of copper, is ſublimed in two earthen veſſels, the one 
g ii 
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placed on the other: all the ammoniacal muriat is volatilized 
without being decompoſed, and carries up a ſmall quantity of 
oxyd of copper, which gives it a blueiſh colour, The ſecond, 
which is called aqua celz/{is, is prepared by ſuffering a pound of 
lime-water and an ounce of ammoniacal muriat to remain in à 
copper veſſel for ten or twelve hours; the lime diſengages the 
ammoniac, which diſſolves a ſmall quantity of copper of the 
baſon, and produces the blue colour. The ce/e/{ial water may 
be made in a glaſs or earthen veſſel, if a ſmall quantity of fil. 
ings, or oxyd of copper, be added to the lime-water and ani 
moniacal muriat. 

Copper appears to decompoſe ſulphat of alumine ; for if x 
ſolution of this ſalt be boiled in a copper veſſel, a ſmall quay. 
tity of alumine is depoſited ; and when the alumine is pre. 
cipitated by ammoniac, its earth aſſumes a flight blue colour, 
denoting the preſence of copper. This effect may likewiſe be 
attributed to the ſmall excels of acid which ſulphat of alumine 
always contains ©, 

Hydrogen gas does not aft on copper, . but reduces its oxyds, 
by depriving them of the oxygen, with which this gas has a 
ſtronger affinity than copper. 

This metal unites very readily with ſulphur ; the combinz- 
tion may be made in the humid way, that is to ſay, by mixing 
flowers of ſulphur and copper filings together, with a ſmall 
quantity of water; but it ſucceeds much better in the dry way. 
A mixture of equal parts of ſulphur in powder and copper 
filings, are put into a crucible, which is heated by degrees till 
it becomes red hot; the reſult is a maſs of a blackiſh grey, 
a ſort of mat of copper, which is brittle and more fuſible than 
the copper itſelf. This compound is prepared for dying and 
painting on calicoes, by placing ſtrata of plates of copper and 
ſulphur in powder in a crucible, and heating it gradually, 3: 
we have obſerved. The kind of mat which is produced, is 
pulverized, and called 2s veneric. Alkaline ſulphures, and ſul- 
phurated hydrogen gas, have a ſtrong action on copper: the 
former diſſolves the metal by the dry, as well as by the humid 
way ; the ſecond ſtrongly colours the ſurface, but its effect has 
not yet been well examined into ©. 

Copper forms alloys with many metals; with arſenic it be- 
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comes white and brittle, and forms white tombac ; it unites 
with biſmuth, and, according to Gellert, forms an alloy of a 
reddiſh white, with cubic facets *. 

It unites very readily with antimony, and affords a cupreous 
regulus, which is diſtinguiſhed by a beautiful violet colour; it 
likewiſe decompoſes ſulphure of antimony, and unites with the 
ſulphur which it takes from the antimony. 

It combines very readily with zink. This combination may 
be made in two ways. Firſt by fuſion; a metal is produced 
whoſe colour reſembles that of gold, and which is much leſs 
ſuſceptible of ruſt than copper, though leſs ductile than that 
metal : the nearer its colour approaches to that of gold, the 
more brittle it is; and it varies greatly according to the pro- 
portion of the mixture, and the precautions uſed in melting it; 
its varieties are, Similor, Pinchbeck, Princes-metal, and Man- 
heim gold. Secondly, by cementing plates of copper with na- 
tive oxyd of Zink, or lapis calaminaris reduced to powder, and 
mixed with charcoal; in a red heat, the copper unites with 
the zink, and forms braſs : this is leſs ſuſceptible of ruſt than 
copper, and is likewiſe more fufible, and leſs malleable. But 
a ſtrong heat, continued for a- ſhort time, deprives it of the 
zink with which it was united, and converts it into copper 
again “. 

Copper unites difficultly with mercury ; though a ſort of 
amalgam may be produced, by triturating copper in very thin 
leaves with mercury. A plate of this metal plunged in a ſo- 
lution of mercury by an acid, becomes coated over with a 
beautiful eolour of filver, owing to the mercury which has 
been reduced and precipitated by the copper, and which has a 
greater affinity with oxygen than mercury has 5. 

Copper and lead unite very eaſily by fuſion, as the forma- 
tion of the leaves of eliquation prove b. 


Copper is combined with tin in two ways, either by apply- 


ing melted tin on copper, or melting both metals together. 

The firſt operation is uſed in the tinning of copper, the ſecond 

forms bronze. To tin copper veſſels, they are firſt ſcraped, in 

order to render their ſurface clean and brilliant ; after which 

they are rubbed with ammoniacal muriat, to clean them more 

perfectly. They are then heated, and ſprinkled with powder. 
G g 11) 
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ed reſin ; this ſubſtance covering the ſurface of the copper, 
prevents its oxydation. Laſtly, the melted tin is poured on, 
and ſpread about. It is with juſtice complained, that the tin. 
ning of copper veſſels is not ſufficient to defend them from the 
action of air, moiſture, and ſaline ſubſtances, becauſe theſe vel. 
ſels are frequently obſerved to be covered with verdigriſe, It 
might be poſſible to remedy this inconvenience by a thick co- 
vering of tin, if there were not reaſon to fear, that a degree of 
heat ſuperior to that of boiling water, to which theſe veſſel 
are often expoſed, would melt the tin, and leave the ſurface of 
the copper uncovered. To prevent this laſt accident, the tin 
may be alloyed with iron, ſilver, or platina, to diminiſh its fuſi- 
bility, and render it capable of being applied in thicker ſtrata 
on the copper. Alloys of this kind are already uſed in ſeveral 
manufactures. The very ſmall quantity of tin required to 
cover the ſurface of copper, 1s ſurpriſing. Bayen and Charlard 
having determined, that a veſſel of nine inches in diameter, 
and three inches three lines in depth, did not gain more than 
twenty-one grains by tinning. This ſmall quantity 1s never. 
- theleſs ſufficient to prevent the dangers which might ariſe from 
the uſe of copper veſſels, provided care be taken that ſubſtan. 
ces capable of diſſolving the tin be not ſuffered to remain too 
long a time in the veſſels; and more eſpecially that the tin be 
frequently renewed : as the friction, heat, and action of ſpoons, 
with which the included ſubſtances are ſtirred, deſtroy it very 
quickly. There is likewiſe another cauſe of apprehenſion re- 
ſpecting the tin uſed by braziers in tinning, & e. It is often 
alloyed with one fourth of its weight of lead; and in this caſe 
the bad eſſects of the latter metal are much to be feared, as it 
is known to be very ſoluble in acids and fat ſubſtances. It 1s 
therefore neceſſary that government ſhould take ſufficient care 
that the braziers be not deceived in the tin they purchaſe, and 
that they may not employ any but the Mallacca or Banca tin, 
in the ſtate it is received in from the Indies, without having 
been alloyed or re-melted by the pewterers. 
La Folie, citizen of Rouen, well known by his chemical la- 
- bours reſpecting the arts, and the uſeful diſcoveries with which 
he has enriched the art of dying, of pottery, and a great num- 
ber of manuractures at Rouen, propoſed, in order to avoid tht 
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inconvenience and danger of tinning copper, that ſaucepans of 
forged iron, covered with zink, might be uſed, which, as we 
have already ſeen, is not productive of any dangerous effects. 
Many perſons have already uſed theſe veſſels, and have been 
ſenſible of their adyantages. It is much to be defired that the 
uſe of theſe veſſels may become more general. 

When tin is melted with copper, a metal ſpecifically heavier 
than the two metals employed is obtained. This alloy is whit. 
er, more brittle, and more ſpnorous, in proportion as the 
quantity of tin is greater. When it is very white, it is called 
bell. metal, when it contains a large proportion of copper, it is 
yellow, and is called bronze. This laſt is uſed in caſting ſta- 
tues, and forming pieces of artillery, which require to be ſuf- 
ficiently ſolid not to burſt, and not ſo duQile as to have their 
form deſtroyed by the ſtroke of bullets. 

Copper and iron are capable of uniting either by fuſion, or 
in the way of ſoldering ; yet this combination does not eaſily 
ſucceed. When a mixture of the two metals is melted in a 
crucible, the iron is found in pieces in the copper, without be- 
ing perfectly united. Copper decompoſes, according to Mon- 
net, the mother water of ſulphat of iron, though iron has a 
ſtronger affinity with acids than copper. 

The uſes of copper are numerous, and well known. The 
alloy of copper and zink is moſt commonly uſed on account of 
its great ductility and its beauty. As copper is a very violent 
poiſon, it ought never to be adminiſtered in medicine. The 
propereſt remedies in caſe of poiſoning by copper reduced into 
oxyd or verdegriſe, are emetics, abundance of water, alkaline 
ſulphures, alkalis, &c. 
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NOTES ON CHAPTER XIX. 


COPPER, 


2 Corrsn * to require a heat equal to 14500 of Fahrenheit's ſcale for its 
fuſion. . 

d Fluoric acid diſſolves copper, and ſtill more readily its oxyd. The blue gelz- 
tinous ſolution which it forms affords cryſtals of a blue colour, and cubical ſhape, 
The affinity of this acid for copper is not known. 

Boracic acid has little action directly on copper in the moiſt way; but if a ſo- 
lution of borax be added to a ſolution of ſulphat of copper, a pale green coloured 
ſalt is precipitated, which is difficultly ſoluble in water, but which, in the fire, 
melts into a greeniſh glaſs, The affinity of this acid is alſo undetermined. 

Phoſphoric acid diſſolves only a ſmall portion of copper, but it acts more power- 


fully on the oxyd. The ſolution affords, by evaporation, a green tranſparent gum- | 


like maſs, which melts into a dark opake glaſs in the fire, The affinity of this 
acid for copper is ſtill very undetermined, 

The tartarit of copper is decompoſed in the fire, Tartaric acid produces 3 
flow precipitation of copper from its ſolution in ſulphuric, nitric, and muriatic 
acids. | 

The citrat and malat of copper are but little known. 

Benzoic acid diſſolves the oxyd of copper, and the ſolution ſhoots into dark- 
green coloured ſmall pointed cryſtals, which are difficultly ſoluble in water, and 
effloreſce a little in the air. This ſalt is decompoſed in the fire. 

Succinic acid ſorms a ſalt with copper, which exiſts in the form of ſmall greeu- 
iſh cryſtals. 

Water, impregnated with carbonic ackd; diſſolves the oxyd of copper; but car- 
bonat of copper is moſt eaſily obtained in the way of double affinity, by adding a 
ſolution of carbonat of potaſh to an acid ſolution of copper. The ſalt formed is cf 
a lively green colour, is inſoluble in water, and weighs g per cent. more than the 
copper from which it was obtained. 

Pruſſiat of potaſh precipitates copper of a yellowiſh green colour from its ſolution 
in nitric acid; but the precipitate becomes afterwards of a brown red, and, by 
drying, of an E black colour. 

The gallic acid precipitates copper from the ſulphuric acid, of a yellow co- 
lour. 

© If finely pulverized chalk be added to a ſolution of ſulphat of copper, the 
ſulphat of lime falls along with the carbonat of copper, and forms with the pale 
green coloured paint commonly called mountain green. Pelletier directs this ſub- 
Nance to be prepared in the following manner. Pulverized chalk, or carbonat df 
lime, is to be added to a ſolution of copper in diluted nitric acid. During the ad- 
I 
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/ition, the mixture is to be well ſtirred. The green precipitate which is formed 
to be waſhed and triturated on a ſmooth ſtone, or in a large mortar. During 
'ricuration, from 7 to 10 parts of unſlaked lime are ſtill to be added to the preci- 
pitate. If the mixture be too dry, ſome water muſt be added, to give it the pro- 
per degree of conſiſtence for trituration. Ann. de Chem. Tom. XII. p. 67. 

cCopper unites eaſily with phoſphorus, and is rendered more fuſible by this 
union, The phoſphure burns in a ſtrong fire, but remains in combination with 
the copper in the ſtate of an acid. 

Copper has a nearer affinity far acids than biſmuth, It takes ſulphur from 
(ruth in the dry way. 

f To ſeparate copper from the zink in braſs, Vauquelin recommends the fol. 
lowing proceſs. Cauſtic potaſh is to be added to a ſolution of braſs in nitric acid, 
till there be an evident exceſs of the alkali, The mixture is to be immediately 
apitated, and the external air carefully excluded. After ſome minutes, the mix- 
ture is to be poured on the filter. The zink which is now diſſolved in the potaſh 
paſſes through the filter, and the oxyd of copper remains above it. This preci- 
pitate is to be waſhed till the water coming from it has no longer any taſte. It 
is then to be dried with a gentle heat, and weighed. The quantity of copper is 


to be eſtimated at 35 per cent. leſs than the weight of the maſs obtained; for 100 


parts of the oxyd of copper contain 35 of oxygen. The external air is to be ex- 
cluded from the mixture, in order to prevent the potaſh from abſorbing carbonic 
acid, which would occaſion a precipitation of a portion of the oxyd of zink. An 
inconceivably ſmall quantity of copper remains after this proceſs in the potaſh, 
dilſolved, not as might be imagined by the potaſh, but by a ſmall quantity of am- 
moniac, which is formed during the ſolution of zink in the nitric acid. 

Vauquelin propoſes alſo to effect this ſeparation in a manner ſtill more ſunple, 
by diſſolving a determined quantity of braſs in concentrated ſulphuric acid, and 
by ſuſpending in the ſolution a plate of zink. The copper will be immediately 
precipitated in its metallic ſtate, When the precipitation has ceaſed, the liquor is 
to be decanted off, and the copper waſhed, dried, and weighed, 

An. de Chem. Tom. XXXVIII. p. 40. See alſo a Memoir on the ſame ſubject, 
by Deze, Fourn, de Phyſ. Pluvigſe, Ann. VII. p. 173. Journ. de Phyſ. Tom. I. 
Niveſe. Ann, II. p. 60. 

8 [f copper filings and cinnabar be diſtilled together, the cinnabar will be de- 
compoſed, mercury paſs over into the receiver, and the copper remain in combi 
nation with the ſulphur in the retort. 

bh This compoſition is not permanent in the fire; for the lead melts, and a- 
bandons the copper. The reſpective affinities of lead and copper for acids have 
pot yet been accurately determined. 
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CHAPTER XX. 


CONCERNING SILVER. 


Sves, called Luna or Diana by the alchemiſts, is a perſed 
metal of a white colour, and of the moſt lively brilliancy ; i: 
has neither taſte nor ſmell ; its ſpecific gravity is ſuch, that it 
loſes about the eleventh part of its weight by immerſion in 
water, and a cubic foot of this metal weighs 720 pounds *. Sil. 
ver is ſo ductile, that it may be beat into exceedingly thin 
leaves, and drawn into wire much finer than a hair“. A grain 
of filver may be extended ſo as to form a veſſel capable of con. 
taining an ounce of water. Its tenacity is ſo conſiderable, that 
a filver wire of the tenth of an inch in diameter, may ſuſtzin 
z weight of 270 pounds without breaking. Its hardneſs and 
elaſticity are not equal to thoſe of copper. It is the moſt ſo- 
norous of metals after thoſe we have mentioned. It harden; 
under the hammer, but very readily loſes that hardneſs by 
heating. ' Tillet and Mongez have cryſtallized this metal, and 
obtained quadrangular pyramids, ſometimes inſulated like thoſe 
which are found on the edges of the crucibles in which this 
metal has been melted, or grouped and laterally placed one on 
the other. 

Silver is found in many various ftates in nature; the prin» 
cipal ores of this metal may be reduced to the following: 

1. Native or virgin filver ; it is known by its brilliancy and 
ductility, and is found in a great variety of forms; it is often 
in irregular maſſes, more or leſs confiderable in magnitude. 
Sometimes it has the form of capillary threads twiſted round, 
and in this ſtate ſeems to have been produced by the decompo- 
ſition of a red filver ore, as Henckel and Rome de Lifle have 
obſerved. It is likewiſe found in plates, and in forms which 


— 


* A grain of leaf ſilver meaſures ſomewhat more than 51 ſquare inches, and 
the ſilver wire, uſed by aſtronomers, about the Ag of an inch in diameter. Th 
is about half the diameter of a fine human hair. T. 
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reſemble the webs of ſpiders, and which the Spaniards for that 
reaſon call arane; in vegetation, or branches formed by o&Qa- 
hedrons, inſerted one in the other. Some of theſe ſpecimens 
exhibit the mark of a leaf of fern, others are cubes and ſingle 
octahedrons, whoſe angles are truncated ; the latter are rare. 14 
Native filver is often diſperſed in a quartzoſe gangue, and is 18.1 
ſometimes met with in fat earths; it is found in Peru, in id | 
Mexico, and Kongſberg in Norway, at Johan Georgenſtadt, and | ﬀ | 

Ws! | 


at Ehrenfriedenſdorf in Saxony, at St. Marie, at Allemont in 
Dauphiny, &c. This metal is not naturally found in the ſtate 
of oxyd. 

2. Native ſilver united to gold, copper, iron, arſenic, anti- 11 
mony, or to gold and copper together, or to arſenic and iron 1 
together. Theſe varieties of native ſilver alloyed are found at 11 
Freyberg 1 in Saxony, and in the mines of Guadalcanal in Spain; 1 
but it muſt be obſerved that the foreign ſubſtances compoſe but | | | 
2 ſmall proportion. WA. 

3. The vitreous filver ore is compoſed, according to moſt mi- 1 


neralogiſts, of filver and ſulphur; it is of a blackiſh grey co- 1 | 


lour, reſembling lead; ſome ſpecimens are brown, . greeniſh, 144 
yellowiſh, &c. ; and it may be cut with the knife. It is often 1741 
amorphous, ſometimes cryſtallized in octahedrons, in cubes or [i 


cubo- octahedrons, that is to ſay, into cubes, whoſe angles are . | "1 1 


truncated, Theſe laſt form the tranſition from the octahedron 
to the cube. Monnet diſtinguiſhes a variety, which, inſtead of 
yielding to the knife like the others, became reduced into pow- | 
der, This ore affords from fixty-two to eighty-faur pounds of 1 
lilver per quintal. It is very eaſily melted. If it be expoſed | 
to a heat not ſufficient to melt it, the ſulphur is diſſipated, and 
virgin ſilver in vegetation or fibres is obtained. 

4. The red filver ore is often of a deep colour, ſometimes it 
tranſparent, cryſtallized in tubes, whoſe edges are truncated, * ROM 


or in hexahedral priſms, terminated by tetrahedral pyramids ; 4 [ | 


at Potoſi it is called NR. clero. The filver is combined with 
ſulphur and arſenic. When it is broken, its colour appears 
lighter within, and its ſtructure reſembles ſmall needles, . or 
convergent priſms, like ſtalactites. If it be expoſed to a fire 
carefully managed, and capable of igniting it; the ſilver is re- 
duced, and forms capillary vegetations, ſimilar to native ſilver. WH 
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It affords from fiſty-eight to fixty-two pounds of filver per 
quintal. The varieties of this ſpecies differ in colour, in form, 
in weight, Ke. They are in general found in all places where 
the other ores of filver are met with. 

5. Silver with arſenic, cobalt, and iron mineralized by ſul- 
phur. Bergman affirms, that the filver is ſometimes 9. 
in this ore. The ore is ſometimes grey and brilliant; of. 
ten of a dull and tarniſhed colour, with efloreſcences of co. 
balt. The gooſe dung ere belongs to this ſpecies. 

6. Grey filver ore, which differs no otherwiſe from the cop- 
per ore, called fablerta, than in containing a larger proportion 
of this precious metal ; it 1s well cryſtallized in triangular 
maſſes, whoſe edges are cut ſlopewiſe. The largeſt of theſe 
cryſtals have ſcarcely any brilliancy ; the ſmalleſt diſperſed on 
a flat gangue, form a very agreeable appearance when expoſed 
to the light, on account of their great brilliancy. The grey 
filver ore affords from two to five marks of filver per quintal, 
This ore is ſometimes found in organic matters, whoſe form it 
perfectly imitates ; it is then called fgurate ore of luer; ſuch is 
the ore which reſembles the blades of corn, and that which 
Rome de Liſle obſerved in the form of cones of the pine. 
Wood has likewiſe been found mineralized by this ſpecies of 
ore. The grey filver ore contains filver, copper, iron, arſenic, 
and ſulphur. When the iron is in ſmall proportion, it is call. 
ed white ſilver ore. This laſt muſt not be confounded with ga- 
lena, containing filver, which the workmen ſometimes call ſil- 
ver ore. 1 

7. Black ſilver ore, called uigrills by the Spaniards, is no- 
thing more, according to Lehman and Rome de Liſle, than a 
decompoſition of the red or grey ſilver ore, or a ſort of middle 
ſtate between theſe ores and native ſilver; it is often met with. 
The latter mineralogiſt obſerves, that the ſolid, ſpongy, or po- 
rous ſpecimens, are produced by the earth and vitreous ore, 
and are much richer than thoſe ſpecimens which are friable, 
and of a pitchy colour, whoſe origin is owing to the alteration 
of white or grey filver ores. From theſe cauſes, it is very ſub- 

ject to vary in the quantity of its product; in general it affords 
from fix or ſeven pounds to near ſixty pounds per quintal. 
8. Corneous filver ore, or the natural combination of filver 
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with the muriatic, and a ſmall quantity of ſulphuric acid, is of 
z dirty yellowiſh grey, ſometimes it is of a fawn colour; it is 
rarely tranſparent, eafily yields to the knife, and melts by the 
game of a candle. It is found cryſtallized in cubes, but moſt 
commonly in irregular maſſes. Portions of native ſilver are 
frequently found inſerted in its maſs. It was formerly thought 
to contain ſulphur and arſenic, but mineralogiſts at preſent are 
agreed reſpecting its nature. Cronſtedt, Lehman and Sage, 


Woulf, Lommer and Bergman, diſtinguiſhed the preſence of 


the muriatic acid, which is diſengaged by heat. Woulf lke- 
wiſe diſcovered that it contains the ſulphuric acid. It is found 
in Saxony, at St. Marie, at Guadalcanal in Spain, and at Al- 
lemont in Dauphiny. 

9. The /oft ſilver ore of Wallerius is native or minealined 
flver, interſperſed in greater or leſs quantities, in coloured 
earths. Many varieties of colour are obſervable in earths con- 
taining ſilver, from the dirty grey to the deep brown. 

10. Laſtly, Silver is found often combined with other me- 
tallic matters in the ores we have deſcribed, ſuch as miſpickel, 
the grey cobalt ore, kupfer- nickel, or ore of nickel, ſulphure 
of antimony, which often preſents the variety called plumqſe fil- 
ver ore, blend, galena, martial pyrites, and white copper ores : 
theſe laſt are of the ſpecies of grey filver ores. All theſe ſub. 
ſtances frequently contain a ſufficient quantity of filver to be 
worked with profit ; but it is eaſy to conceive that they ought 
not to be deſcribed like the foregoing, as proper ores of filver, 
and that it is ſufficient to remark that they are partly compoſ- 
ed of this metal. | 

The aſſay of filver ores varies according to their nature; 
ſuch as contain native filver ore, require, in ſtrictneſs, nothing 
more than ſeparating and waſhing. Trituration with running 
mercury may be uſed for the accurate ſeparating of this metal 
from the marine ſubſtances, which change it; the fluid metal 
diſſolves the filver, and may be afterwards driven off by fire. 
Sulphureous ſilver ores require to be roaſted, and afterwards 
melted with a greater or leſs quantity of flux ; in this fuſion, 
llver is obtained commonly alloyed with lead, copper, iron, 

&c, For the ſeparation and accurate aſcertaining of the quan» 
tity of precious metal contained in this alloy, a proceſs entire» 
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480 SILVER. 
Iy chemical is uſed, which depends on the properties of the 
imperfe& metals. Lead being capable of vitrifying, and of 
carrying with it in its vitrification the imperfect metals, ſuch 
as iron and copper, without acting on ſilver, this property is 
uſed to ſeparate the perfect metal from tlioſe with which it is 
alloyed ; the filver is melted with a quantity of lead, which 
muſt be ſo much the more conſiderable in proportion as the 


quantity of baſe metal is ſuppoſed to be greater. This alloy i; 


then put in flat and porous veſſels, made of calcined bones and 
vrater; this kind of crucible, which is called a cuppel, is well 
adapted to abſorb the glaſs of lead, which is formed in the 
operation of cuppellation. After this proceſs the ſilver remains 
pure. In order to determine what quantity of imperfect metal 
it contains, or its degree of fineneſs, the maſs of filver is ſup. 
poſed to be divided into twelve parts, called perimyweights, and 

each of theſe pennyweights into twenty-four grains; if the 
maſs of ſilver has loſt a twelfth of its weight, it is called filyer 
of eleven penny weights fine; if it has loſt only a twenty- fourth, 
it is called ſilver of eleven pennyweiglits twelve grains fine, 
and ſo forth. The cuppel, after this operation, is found to be 
much heavier, and contains the oxyd of vitreous lead, and that 
of the ĩimperfect metals, which were united with the ſilver, 
and have been ſeparated by the lead. As the lead itſelf almoſt 
always contains a ſmall quantity of ſilver, it is neceſſary firſt 
to cuppel it by itſelf, in order to determine the quantity of the 
filver it contains, and a deduction muſt be made from the but- 
ton of ſine ſil vet obtained of the ſmall portion known to be 
contained in the lead made uſe of, which is called the ve. 
Cuppellation is attended with a phenomenon by which the 
artiſt is advertiſed of the ſtate of the proceſs as it goes forward. 
In proportion as the ſilver becomes pure by the vitrification 
and ſeparation of the lead, it appears much more brilliant than 
the portion which is not yet fine; the brilliant part increaſe; 
by degtees, and when all the ſurface of the metal becomes pure 
and luminous, the inſtant in which it paſſes to this ſtate exhi- 
bits a flaſh or fulgaration, which'denotes that the operation 1: 
finiſbed. Cupelled ſilver is very pure with reſpect to the im- 
perfect metals it may have contained, but it may contain gold, 
and as it always contains a certain quantity, another operation 
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muſt be made to ſepatate theſe two perfect metals. As gold is 
much leſs changeable than ſilver by moſt ſolvents, the filver is 
diſſolved by the addition of the nitric or muriatic acids, or by 
ſulphur ; and the gold, on which theſe ſolvents have little or 
no action, remains pure. This method of ſeparating filver 
from gold is called parting; we ſhall ſpeak of the different 
kinds of parting, after having deſcribed the action of each of 
the ſolvents on ſilver, when we ſhall ſpeak of the alloy of this i | 
metal with gold. | 1 

The large works where filver is extracted from its ores and 
purified are ſimilar to thoſe we have deſcribed for the aſſay of 
the ores of this metal. There are in general three methods of 
treating ſilver in the large way; the firſt conſiſts in trĩiturating 
virgin ſilver with mercury; this amalgam is washed to ſepa- 
rate all the earth; it is then paſſed m_ the pores of bags 
of leather, and diſtilled in iron retorts; After which the ſilver | 
is melted and caſt into ingots. This proceſs cannot be uſed 1 
with ſilver ores that contain ſulphur : theſe are roafled and 1 
mixed with lead, to reſſhe the precious metal by cuppellation. | 
Rich filver ores are treated in this manner, but the poorer ores : i 
are treated in a different manner from the two foregoing ; they 1. 
are melted without previous roaſting, with a ſmall quantity of 11 
pyrites. This fuſion, which is called the crude fiſion, affords a % 
mat of copper in combination with ſilver, which is treated with : 100 
lead in the way of eliquation ; the latter, which carries down 
the filver during the fuſion, is afterwards ſcorified on the cu- 
pel, and the perfect metal remains pure. Cuppellation in the 
large way differs from that which is made in the ſmall way, in 
this circumſtance, that in the firit, the ſcorified lead is driven 
off by the action of a bellows, whereas, in the latter, the oxyd 
of vitreous lead is abſorbed by the cuppel. 

The filver obtained by the proceſſes here deſcribed is, in ge- 
neral, much leſs liable to alteration than all the metals hither- WT! 
to deſcribed. The contact of light does not at all change this | 
metal, however long it be expoſed to it; heat melts, it, cauſes 
it to boil, and to become volatilized, but without alteration. It 
does not melt in leſs than a white heat, but is more fuſible than 
copper. When it has been held in fuſion for a certain time it 
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boils and emits vapours, which conſiſt of filver volatilized. 
This fact is proved by the exiſtence of the metal in the funnel; 
of chimneys, under which large quantities are continually 
melted. It is likewiſe confirmed by the capital experiment of 
the Academicians of Paris, who expoſed very pure ſilver to 
the focus of Trudaine's lens. Theſe philoſophers obſerved, 
that the melted metal emitted a thick fume, which completely 
ſilvered a piece of gold held over it. 

Silver, chen {lowly cooled, is capable of aſſuming a regu- 
lar form, and cryſtallizes in quadrangular pyramids. Baume 
has obſerved that this metal, in cooling, aſſumes a ſymmetri. 
cal form, which is obſervable on its rface by ſmall fibres, re. 
ſembling the feather of a pen. I ha obſerved that the fine 
button obtained by cuppellation often preſents on its ſurface 
| ſmall ſpaces of five or fix fides arranged among each other like 
a pavement ; bot the cryſtallization in tetrahedral pyramids, 


has not been well obſerved, except by Tillet, and the Abbe 


Mongez. 

It has been long thought, and ſome chemiſts ill are of opi. 
nion, that ſilver is indeſtructible by the combined action of 
heat and air. It is certain that this metal, kept in fuſion with 
contact of air, does not appear to be ſenſibly altered; yet 
Junker had affirmed, that by treating it a long time in the re. 
verberatory furnace, in the manner of Iſaacus Hollandus, filver 
was changed into a vitreous oxyd. This experiment has been 
confirmed by Macquer. That learned chemiſt expoſed filver 
twenty ſucceſſive times in a porcelain crucible to the ſire of the 


furnace at Seves, and at the twentieth fuſion he obtained a vi- 


triform matter of an olive green, which appeared to be a true 
vitreous oxyd of ſilver. This metal, when heated in the focus 
of the burning glaſs, has always exhibited a white pulverulent 
matter on its ſurface, and a greeniſh vitreous covering on the 
ſupport it reſted upon. Theſe two facts remove all doubt re- 
fpecting the alteration of ſilver ; though it is much more diff. 
cult to oxydate than other metallic matters, yet it is capable 
of being converted, after a length of time, into a white oxyd, 
which, treated in a violent fire, affords an olive-coloured glaſs, 
It may perhaps be poſlible to obtain an oxyd of ſilver, by heat- 
ing this metal, when reduced, into very fine laminæ, or in 
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leaves, for a very long time in a matraſs, as is done with mer- 
cury. The electric ſpark ſeems alſo to oxydate this metal. At 
all events, it is certain, that filver does not combine with the 
baſe of vital air without great difficulty, and that heat does 
not favour this combination in the ſame manner as it does with 
almoſt all the other metals ; but, on the contrary, diſengages 
that principle from 1t very readily : for the oxyds of filver are 
all eaſily reduced without addition, a circumſtance which de- 
pends on the {light adherence of the oxygen, which by heat 
and light is diſengaged in the form of vital air. 

Silver is not changed by the action of air, its ſurface being 
ſcarcely tarniſhed by a very long expoſure to that fluid. Wa- 
ter does not act on it. Earths do not combine with it; but it 
is probable that its oxyd would give an olive green colour to 
glafſes with which it might be fuſed. 

The falino-terreſtrial matters and the alkalis do not ſenſibly 
dt on ſilver. Sulphuric acid diſſolves it when very concen- 


trated or boiling, and the metal is greatly divided. Much 


ſulphureous acid gas is diſengaged during this ſolution ; the 
filver is converted into a white matter, oa which ſulphuric 
acid muſt be poured, in order to hold it in ſolution : very ſmall 
needles of ſulphat of filver are obtained by evaporating this 


liquor, I have ſeveral times obtained this ſalt in plates, ſorm- 


ed by the union of theſe needles length-wiſe. This ſalt melts 
in the fire, and is very fixed © ; it is decompoſable by alkalis, 
copper, zink, mercury, &c. All the precipitates obtained by 
alkalis, are reducible without addition, and become converted 
into fine filver, in cloſed veſſels 4. 


The nitric acid oxydates and diſſolves ſilver with rapidity, even 


without the aſſiſtance of heat. This ſolution is ſometimes per- 
formed ſo quickly, that in order to prevent the inconvenience 
that might ariſe, it is neceſſary to uſe filver in a lump. A large 
quantity of nitrous gas is diſengaged, and a white precipitate, 
more or leſs abundant, is formed, if the acid of nitre contains 
2 portion of ſulphuric or muriatic acid. The nitric acid uſu- 
ally becomes of a blue or green colour, but loſes this colour 
and becomes tranſparent as ſoon as the ſolution is finiſhed, if 
the filver made uſe of be pure; but on the contrary a greeniſh 
ünge remains when the filver contains copper. The pureſt ſil- 
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ver which can be employed, ſometimes contains gold : in thi; 
caſe, as the nitric acid has ſcarcely any action on this perfe& 
metal, the gold is ſeparated in the form of blackiſh flocks, in 
proportion as the ſilver is diſſolved. From the difference of 
the action of this acid on theſe two metals, it is ſucceſsfully 
employed in ſeparating them from each other, in the operation 
of parting by aquafortis. The nitric acid diflolves more than 
half its weight of ſilver: this ſolution is exceedingly cauſtic, 
tinges the epidermis of a black colour, and entirely corrodes 
it. When highly charged with the metal, it depoſits flen. 
der brilliant cryitals, reſembling thoſe of boracic acid; when 
half evaporated, it affords, by cooling, flat cryſtals, which are 
either hexagonal, or triangular, or ſquare, and appear to be 
formed of a great number of ſtall needles, placed one be- 
fide the other. Theſe plates are placed obliquely on each 
other ; they are tranſparent, and very cauſtic, and are called 
the nitrat of ſilver, or lunar cry/tals. This ſalt is quickly al. 
tered by the contact of light, and blackened by combuſtible 
vapours. It detonates on heated charcoal, and leaves a white 
powder, which is pure filver. It is very fuſible: if it be ex- 
poſed to heat in a crucible, it firſt ſwells up and loſes the water 
of cryſtallization, after which it remains in fuſion; and if ſuſ. 
fered to cool in this ſtate, it appears to be a grey maſs, and 
forms a preparation known in pharmacy and ſurgery by the 
name of /apis infernalis. It is not neceſſary in making this 
preparation to uſe the cryſtallized nitrat of ſilver, which is 
difficult and expenſive to obtain; as it is ſufficient to evaporate 
a ſolution of filver in the nitric acid to dryneſs, and to put 
this reſidue in a crucible or ſilver ladle, as Baume adviſes, and 
to heat it ſlowly till it is in an undiſturbed fuſion, in which 
ſtate it muſt be poured into a mould, to give it the form of 
ſmall cylinders. If the cylinders of /apis-infernalis be broken, 
they are found to be of a needle-formed texture, radiating 
from the axis of each cylinder. Nitrat of filver muſt not be 
too long heated to make the /ap;s infernalis, as by that means 
a part of the ſalt would be decompoſed, and a button of filyer 
would be found at the bottoni of the crucible, To aſcertain 
what paſſes in this operation, 1 have diſtilled this ſalt in the 
pneumato-chemical apparatus; they afforded nitrous gas, and 
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vital air, mixed with a ſmall quantity of azotic gas; the filver 
was recovered in the matraſs, entirely reduced. The glaſs 
was opake like enamel, and of a beautiful marron brown co- 
lour. The brown colour of the glaſs in this experiment 
doubtleſs ariſes from oxyd of manganeſe, or ſome other ſub- 
{tance contained in it; for the colour of glaſs formed by the 
oxyd of filver is of an olive green, as we have already ob- 
ſerved. 

Nitrat of filver, expoſed to the air, does not attract moiſ- 
ture; it is very ſoluble in water, and may be cryſtallized by 
the ſlow evaporation of that fluid. 

The nitric ſolution of ſilver is decompoſed by the ſalino- 
terreſtrial ſubſtances and by alkalis, but with very different 
phenomena, according to the ſtate of theſe ſubſtances. Lime 
water forms a very abundant olive coloured precipitate ; fixed 
alkaline carbonats precipitate it of a white colour; cauſtic am- 
moniac of a green, inclining to olive : the latter precipitation 
takes place after a conſiderable time, 

Though the nitric acid acts with more energy than any other 
on ſilver, it has not the ſtrongeſt adheſion and affinity with the 
oxyd of that metal. The ſulphuric and muriatic acids are ca- 
pable of depriving it of the oxyd of filver which it may hold 
in ſolution. Hence it is, that a few drops of theſe acids, pour- 
ed into a nitric ſolution of ſilver, produce a precipitate of a 
white powder when the ſulphuric acid is uſed, or a thick caa- 
gulum when the muriatic acid is uſed. In the firſt caſe ſulphat 
of filver is formed; in the ſecond muriat of filver. "Theſe 
two ſalts not heing very ſoluble,” are precipitated. It is not 
neceſſary to uſe the ſulphuric and muriatic acids in a diſen- 
gaged ſtate to produce theſe decompoſitions ; the neutral ſalts 
reſulting from their union with alkalis and earthy matters, 
may be employed with equal advantage. A double decompo- 
fition or combination then takes place, becauſe the nitric acid 
being ſeparated from the ſilver, unites with the baſe of the 
{ulphuric and muriatic ſalts. This difference of affinity be- 
tween the acids and ſilver is the baſis of a proceſs uſed for pro- 
curing the nitric acid in a ſtate of purity, without any mix- 
ture of other acids; ſuch in a word as is neceſſary for many 
operations in metallurgy, and for the moſt part of chemicab re- 
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ſearches. As it ſeldom happens in the diſtillation of ſpirit of 
nitre, that this fluid is not mixed with a certain quantity of 
ſulphuric or muriatic acid, chemiſts have endeavoured to dif. 
cover methods of ſeparating theſe ſeveral fluids, and they avail 
themſelves with ſucceſs of the nitric ſolution of filver for this 
purpoſe. This ſolution 1s poured into the impure nitric acid, 
till no more precipitate is formed. The depofition formed by 


the ſulphat of muriat of filver, is ſuffered to ſubſide ; the acid 


is decanted and diſtilled by a gentle heat, to ſeparate it from 
the ſmall portion of /unar ſalt it may contain ; and the pro. 
duct is very pure nitric acid, called by artifts precipitated agua. 


Fortis. 
Moſt metallic matters are capable of decompoſing the nitric 


ſolution of filver, becauſe they have a ſtronger affinity than 


that metal with oxygen. The arſeniat of potaſh, diſſolved in 
water, produces a reddiſh precipitate in the nitric ſolution, 
which conſiſts of filver united with arſenic acid; this precipi. 
tate reſembles the red ore of filver. Silver may be precipi- 
tated in its metallic ſtate by moſt metals; but we ſhall more 
particularly attend to the ſeparation of this perfect metal by 
mercury or by copper, becauſe of the phenomena the firſt pre. 
ſents, and the utility of the latter. 

Silver ſeparated from the nitric acid by mercury is in its 
metallic ſtate, and the ſlowneſs of its precipitation produces a 
peculiar ſymetrical arrangement known by the name of Arber 
Diane, or the philgaphical tree. There are many proceſles for 
obtaining this cryſtallization. Lemery dire&s one ounce of 
fine ſilver to be diſſolved in nitric acid of moderate ftrength: 
this ſolution 1s to be diluted with about twenty ounces of di- 
ſtilled water, and two ounces of mercury are to be added: in 
forty days a very beautiful vegetation is formed. Homberg 
has preſcribed a much ſhorter proceſs : according to this che- 
miſt, an amalgam of four drachms of leaf filver, with two 
drachms of mercury, muſt be made in the cold. This amal- 
gam is to be diſſolved in a ſufficient quantity of nitric acid, 


and a pound and a half of diſtilled water muſt be added to the 


ſolution. A little ball of the ſoft amalgam of ſilver muſt be 
put into an ounce of this liquid, and the precipitation takes 
place almoſt inſtantly. The precipitated filver, united to 3 
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portion of the mercury, diſpoſes itſelf in fibres of a priſmatic 
appearance on the ſurface of the amalgam : other fibres appear 
and inſert themſelves in the foregoing, ſo as to exhibit a vege- 
tation in the form of a buſh. Laſtly, Baume has deſcribed a 
method of obtaining the Arbor Dianæ, which differs in ſome 
reſpects from that of Homberg, and ſucceeds with greater cer- 
tainty ; he dire&s fix drachms of the ſolution of ſilver, and 
four of the ſolution of mereury, in the nitric acid, both well 
ſaturated, to be mixed, and five ounces of diſtilled water to be 
added to this liquor. The mixture muſt be poured into an 
earthen veſſel, upon ſix drachms of an amalgam of ſilver, made 
with ſeven parts of mercury and one part of ſilver. Theſe 
two methods ſucceed much more quickly than that of Lemery, 
by the reciprocal action and affinity between the metallic ſub- 
ſtances, In fact, the mercury contained in the ſolution at- 
tracts that of the amalgam ; the filver contained in the latter 
acts likewiſe on that which is held in ſolution, and from theſe 
attractions a quicker precipitation of the ſilver takes place. 
The mercury, which compoſes a part of the amalgam, being 
more abundant than is neceſſary to precipitate the filver from 
the ſolution, produces likewiſe a third effect of conſiderable 
importance; it attracts the filver by the affinity and tendency 
it has to combine with that metal, and it effectually combines 
with it ; fince the vegetations of the Arbor Dianz are a true 
brittle amalgam of a cryſtallized form. This cryſtallization 
ſucceeds much better in conical veſſels, or glafles, than in round 
or open veſſels, ſuch as the cucurbit recommended by Baume. 
It may likewiſe be obſerved, that it is neceſſary to place the 
veſſel in which the experiment is made, in a fituation where 
it may not be ſhaken, or agitated, as ſuch eircumſtances would 


effeually prevent the ſymetrical arrangement of the amal- 


"SC 
Copper plunged in the ſolution of filver, precipitates this 


metal likewiſe in a brilliant and metallic form. This proceſs 
is uſually employed to ſeparate the filver from its ſolvent, af 
ter the proceſs of parting. Plates of copper are immerſed in 
the ſolution, or the ſolution itſelf is poured into a veſſel of 
copper ; the filver immediately becomes ſeparated in whitiſh 


grey flocks, When the liquor becomes blue, and is deprived 
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of all its filver, it is decanted off; the ſilver, after being wall 
ed ſeveral times in water, is melted in a crucible and cupelled, 
in order to ſeparate it from the portion of copper with which 
it united during the ſeparation, The ſilver afforded by this 
operation is the pureſt of all; it is twelve penny-weights fine, 
From theſe two precipitatious of ſilver by mercury and cop. 
per, we ſee, that metals ſeparated from their ſolvents by other 
metallic matters, are precipitated with all their properties, 
This phenomenon depends, as we have obſerved in the hiſtory 
of copper, on the circumſtance that the metals, immerſed in 
the ſolution of filver, take the oxygen from the latter, by vir. 
tue of their ſtronger affinity. 

The muriatic acid does not immediately diſſolve filver, but 
it perfectly diſſolves its oxyd. When this acid is ſurcharged 
with the oxygen, it readily oxydates the metal. This no doubt 
accounts for what happens in the proceſs of dry parting. The 
operation conſiſts in expoſing plates of gold alloyed with filver 
to a heat in a cement, compoſed of a mixture of ſulphat of 
iron and muriat of ſoda : the ſulphuric acid diſengages the mu- 
riatic acid, gives it a portion of its oxygen, and the latter aft 
on, and diflolves the ſilver. 

A much ſhorter and eafier proceſs is uſed to combine the 
muriatic acid with the oxyd of ſilver, by pouring it into a ni- 
tric ſolution of the metal, 'The very abundant precipitate, 
which is inſtantly formed, is a combination of the muriatic 
acid with filver, which has a ſtronger affinity with this acid 
than with that of nitre, and conſequently quits the latter to 
unite with the former. Ihe ſame combination is obtained by 
pouring the muriatic acid into a ſolution of ſulphat of filver, 
becauſe this has a ſtronger affinity than the ſulphuric acid with 
the metal. The muriatic acid may hkewiſe be combined with 
ſilver, by heating it on an oxyd of the metal precipitated from 
the nitric acid by fixed alkali, 

The muriat of ſilver poſſeſſes many properties which deſerve 
to be known ; it is ſo fuſible, that it melts when expoſed in an 
apothecary's phial to à mild heat; as for example, that of hot 
aſhes. By this fuſion it is converted into a grey and ſemi- 
tranſparent ſubſtance, reſembling horn, and for that reaſon has 
been called luna cornea, If it be poured on a ſtone it becomes 
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fxed in the form of a friable matter, eryſtallized as it were in 
fige filvery needles. When heated for a long time with con- 
tat of air, it is decompoſed ; it paſſes eaſily through the cru. 
cibles ; part is volatilized, and part is reduced into metal, 
affording globules of filver, interſperſed among the portion of 
the muriat of ſilver, which is not yet decompoſed. This ſalt, 
expoſed to light, loſes its white colour, and becomes brown in 
2 ſhort time. It diflolves in water in but' a very ſmall quan- 
tity; a pound of diſtilled boiling water taking up only three 
or four grains, according to the experiment of Monnet. Alka- 
lis are capable of decompoſing muriat of filyer, diſſolved in 
water, or in the dry way by heat; this method affords the 
pureſt and fineſt ſilver Known. A mixture of four parts of pot- 
aſh, or carbonat of potaſh, with one part of muriat of ſilver, 
is melted in a crucible : when it is in ſtrong fuſion it is taken 
from the fire, ſuffered to cool, and broken; the ſilver is found 
beneath the muriat of potaſh formed in the operation, and the 
ſuperabundant portion of alkali employed. Baume, the inventor 
of this proceſs, affirms, that the quantity of alkali he directs, pre- 
yents the muriat of filver from paſling through the crucible, by 
acting on all its parts, which it decompoſes at once. Margraaf, 
has given another proceſs for reducing this ſalt, and obtaining 
perfectly pure ſilver : five drachms ſixteen grains of muriat of 
filver are triturated in a mortar, with one ounce and a half of 
ammoniacal carbonat, a ſufficient quantity of diſtilled water 
being added to form a paſte ; this mixture 1s agitated till the 
ſwelling and efferveſcence, which are excited, have ſubſided. 
Three ounces of purified mercury are then added, and tritu- 
rated, till a perfect amalgam of filver is obtained: this is waſh- 
ed with a large quantity of water, the trituration {till being 
continued, and the wafhing rene qed, till the water paſſes off 
very clear, and the amalgam 1s very bright. The amalgam 
being then dried and diſtilled in a retort, till the veſſel has ac- 
quired a white heat, the mercury paſſes into the receiver, and 
the ſilver is found pure at the bottom of the retort. In this 
way the metal is obtained in the moſt perfect ſtate of purity, 
and without any ſenfible loſs. This is the filver which ought 
to be uſed in the nicer chemical experiments. The water em- 


ployed in waſhing the mixture carries off two ſubſtances ; a 
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certain quantity of ammoniacal muriat, which it holds in ſolu. 
tion, and a white inſoluble powder. When the latter is ſu. 
blimed, a ſmall quantity of filver is found at the bottom of the 
ſublimatory veſſel. This experiment ſhows, that muriat of 
filver is not completely decompoſed, unleſs by the double aft. 
nity. In fact, in the proceſs of Margraaf, the ammoniac doe; 
not unite with the muriatic acid, but becauſe the filver com. 
bines on its part with the mercury, which attracts and tends to 


ſeparate it from the acid, which the alkali alone could not do. 


It is eaſily ſeen, that this long and expenſive operation can only 
be uſed in the ſmall works of a chemical laboratory. If my. 
riat of filver in large quantities be required to be reduced, ei. 
ther fixed alkalis, or ſome metallic ſubſtance, muſt be uſed, 


which have a ſtronger affinity than filyer with the muriatic 


acid; ſuch, among others, are antimony, lead, tin, iron, &c. 
If one part of muriat of ſilver be melted in a crucible with 


three parts of one of theſe metals, the filver will be found re. 


duced at the bottom of the crucible, and the metal united to 
the muriatic acid. Silver precipitated in this manner is very 
impure, and always contains a portion of the metal uſed for 
the reduction; and as lead is moſt commonly employed, ae- 
cording to the advice of Kunckel, the ſilver obtained requires 
to be cupelled ; ; it cannot conſequently be brought to the ſame 
ſtate of purity with the ſilver reduced directly by alkalis, or 
by the proceſs of Margraaf. 

The nitro-muriatic acts ſtrongly on ſilver, and precipitates 
it in proportion as it is diſſolved: this effect may eaſily be un- 
derſtood ; the nitric acid firſt diſſolves the metal, and the muri- 
atic acid ſeizes it, forming muriat of filver, which falls down 
on account of its ſmall degree of ſolubility. This proceſs may 
be uſed to ſeparate filver contained in gold e. 

The action of the other acids on ſilver are not well known; 
it is only known that a ſolution of borax produces a very 
abundant white precipitate from the nitric ſolution of this me- 
tal, and that this precipitate confiſts of the boracic acid united 
to 2 portion of the oxyd of ſilver. 

This metal does not appear to be altered by neutral ſalts ; 
it is certain that it does not detonate with nitre, nor decompoſe 
ammoniacal muriat. This unchangeableneſs of filver with 
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vitre affords a good method of ſeparating it by detonation from 
the imperfe& metals with which it may be united, ſuch as cop- 
per, lead, &c. The alloyed metal muſt be melted with the ad- 
dition of nitre; the ſalt detonates and burns the portion of fo- 
reign imperfect metal, and the filver remains at the bottom of 
the crucible, in a ſtate of much greater purity than before . 
Almoſt all combuſtible matters have a certain action on fil. 
ver; no metal is more quickly tarniſhed and coloured by in- 
flammable matters; fulphurated hydrogen gas, from whatever 
ſubſtance it may be diſengaged, communicates to it immediate. | 
ly upon contaR, a blue or violet colour, inclining to black, and 41h 
greatly diminiſhes its ductility. It is well known that fetid ; 
animal vapours, ſuch as thoſe of neceſſary houſes, putrified 1 
urine, and hot eggs, produce the ſame effect on this metal. The | 
mutual action of theſe two bodies, and the kind of combination f 5 
which ariſes from them, has not yet been examined into. g 
Sulphur combines readily with ſilver; this combination is | l 
uſually made by ſtratifying plates of the metal with flowers of 4 | 
ſulphur in the crucible, and quickly fuſing the mixture : a deep 1 
violet coloured maſs is produced, muck more ſoluble than fil 
ver, brittle, and diſpoſed in needles ; in a word, a true artifict- | | 
| 


al ore. This combination is eafily decompoſed by the action | 
of fire, becauſe of the volatility of the fulphur and the fixity - ab 
of ſilver; the ſulphur is conſumed and diſſipated, and the filver | 10 
remains pure z alkaline ſulphure diſſolves this metal in the 9 
dry way. When one part of filver is melted witł three parts 1 
of ſulphure of potaſh, the metal diſappears, and becomes ſolu- 
ble in water, together with the ſulpure. If an acid be poured 
into this ſolution, a black ſulphurated precipitate of filver is 
obtained. Silver left in a ſolution of ſulphure of potaſh quick- 4 
ly aſſumes a black colour, and the ſulphur appears to quit the K 
alkali to unite with, and mineralize the metal, as we have like- Ii | 
wiſe obſerved it does with mercury. 4. BW 

Silver unites with arſenic, which renders it brittle ; but the 
action of the arſenic acid on this perfect metal is not ye 
known. | a 

It does not combine with cobalt without difficulty. 

It unites perfectly eaſily with biſmuth, and forms a brittle 
mixed metal, whoſe ſpecific gravity is greater than that of the 
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two metals ſeparately taken. According to Cronitedt, filye; 
does not unite with nickel ; but when theſe metals are melted 
together, they remain beſide each other, as if their ſpecific gta. 
vity were preciſely the ſame. 

It mixes by fuſion with antimony, and affords a very brittle 
alloy. It ſeems capable of decompoling ſulphure of antimony, 
and of uniting with the ſulphur of that mineral, with which 
it has a ſtronger affinity than the antimony; 

Silver combines readily with zink by fuſion; an alloy i; 
produced by this combination, granulated at its ſurface, and 
very brittle. 

It diſſolves completely, and even without heat, in mercury, 
To produce this ſolution, filver leaf may be triturated with the 
metallic fluid; an amalgam is immediately produced, whoſe 
conſiſtence varies according to the relative quantities of the 
two ſubſtances. This amalgam is capable of aſſuming a regu. 
lar form; by fuſion and {low cocling, it affords tetrahedral 
priſmatic cryſtals, terminated by pyramids of the ſame form. 
The mercury aſſumes a degree of fixity in this combination; 
for a much ſtronger heat is neceſſary to ſeparate it from the 
filver, than would be required to volatilize it alone. Silver is 
capable of decompoling oorroſive mercurial muriat, either by 
the dry or the humid way. 

It unites perfe&ly with tin, but loſes its s duAility by the 
ſmalleſt addition of this metal, 

It readily becomes alloyed with lead, which renders it very 
fuſible, and deprives it of its elaſticity and ſonorous quality. 
It unites with iron, and forms an alloy, which has been but 
little examined into, but may probably become of the greateſt 
utility in the arts. 

Laſtly, It melts and combines 1n all proportions with copper; 
the latter does not deprive it of its ductility, but renders it 
harder and more ſonorous, forming an alloy which is often em- 
ployed in the arts s. 

Silver is a metal highly uſeful, on account of its ductility, 
and its indeſtructibility by fire and by air. Its brilliancy ren- 
ders it capable of ſerving the purpoſes of ornament. It is ap- 
plied on the ſurface of different bodies, and even on copper ; 
and likewiſe enters into the texture af rich filks ; but its mol: 


py" "ay Ml. Rooney 1 8 8 — 


my 


NOTES ON SILVER. 493 


conſiderable uſe is that of affording a matter, proper by its 
hardneſs and ductility, to form veſſels of all ſorts. Silver plate 
is uſually alloyed with one twenty-fourth of copper, which 
gives it a greater degree of hardneſs and coherence, and does 
not render it at all noxious, becauſe the twenty-three parts of 
flvy# cover the copper, and entirely prevent its noxious ef- 
fects. 
Laſtly, Silver is employed as a medium of exchange, in the 
form of money; in this caſe it is alloyed with one twelfth 
part of copper, and is conſequently eleven penny- weights fige. 


NOTES ON CHAPTER XX. 


SILVER. 


Tas ſpecific weight of ſilver, according to Bergman, is 10,552. 

d Silver melts, according to Wedge wood, at a heat equal to 4717 of n. 
heit's ſcale, 

e The acid is driven off by heat, and the ſilver left, even without addition, in 
its metallic ſtate. 

d Sulphat of ſilver requires $747 parts of boiling water to diſſolve it. 

e Fluoric acid diſſolves the oxyd of ſilver, and forms with it a ſalt, which is 
decompoſed by the ſulphuric and muriatic acids. 

A ſolution of borax is ſaid to produce no precipitation in a ſolution of ſilver in 
the nitric acid, 

Phoſphoric acid diſſolves only a very ſmall quantity of the oxyd of ſilver. 

Tartarit of filver has been formed, but its properties are little known. 

Oxalic acid forms a ſalt, very difficultly ſoluble in water, with oxyd of ſilver. 
Oxalat of filver acquires a black colour by expoſing it to the rays of the ſun. 
Oxalie acid takes this oxyd from nitric and ſulphuric acids. 

Benzoic acid diſſolves only a very ſmall portion of oxyd of filver, Its combi- 
nation is moſt eaſily effected by mixing a ſolution of benzoat of potaſh with a ſo. 
lution of filver in the nitric acid, This ſalt diſſolves readily in hot, but difficultly 
in cold water, It receives a brown colour from light, is decompoſed in the fire, 
and the oxyd of ſilver is reduced. 

Acetic acid diſſolves oxyd of ſilver by digeſtion. The ſolution affords, by eva- 
poration, thin needle-ſhaped cryſtals, which are decompoſed in the fire. 

Succinic acid diſſolves the oxyd of ſilver, and ſhoots with it into long thin 
parallel foliated cryſtals, which are OAT Is ſoluble in water, and eaſily decom- 
poſed in the fire, 
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Gallat of filver is at firſt of a reddiſh, but becomes afterwards of a brown 


colour. 

Pruſſiat of potaſh diſſolves the oxyd of ſilver. This ſolution is not decompoſed 
by muriat of ſoda. a 

f The oxyd of ſilver precipitated by cauſtic alkali, from its ſolution in nitric 
acid, is ſoluble in ammoniac. Berthollet diſcovered that this combination pol. 
feſſes the property of fulminating in a degree ſuperior to that of oxyd of, gold. 
He remarks, that this ſubſtance fulminates with violence while ſtill humid, if it 
be preſſed with a hard body. In this experiment the ſilver was found conſtantly 
reduced. In the dry ſtate, the lighteſt touch, or friftion of any kind, is ſufficient 
to make it fulminate. If a ſmall retort be filled with a ſolution of the oxyd of 
ſilver in ammoniac, and expoſed to a boiling heat, bubbles of azotic gas are diſ. 
engaged, and ſmall cryſtals are formed, which are opake, and have a metallic 
appearance. Theſe cryſtals detonate by the ſlighteſt touch, even when covered by 
the liquor, and, in large quantities, produce dangerous exploſions. The detona. 
tion of the oxyd obtained by lime was much more powerful than that'by the fixed 
alkalis. See Ann. de Chem, Tom. I. p. $2. For a farther account of the propor- 
tion of ſulminating ſilver, ſee Minutes of a Philoſophical Society, p. 323. 

g Mr. Keir has deſcribed, in the Philoſophical Tranſactions for 1790, a method 
of ſeparating theſe metals from each other, which appears to be particularly uſe. 
ful in the arts. It conſiſts in putting the mixture of ſilver and copper, or copper 
plated with filver, into an earthen glazed pan, and pouring on them a mixture of 
ſulphuric acid and nitrat of potaſh, in the proportion of from 8 to 10 parts of the acid 
to 1 part of the nitrat, The mixture is to be ſtirred ſo that the ſurface of the pieces 
of metal may be frequently expoſed to freſh portions of the liquor, The ſolution is 
to be aſſiſted by a gentle heat of from 100 to 200 of Fahrenheit's ſcale. When the 
liquor is nearly ſaturated, the ſilver is to be precipitated from it by the addition 
of muriat of ſoda. A muriat of filver is formed, eaſily reducible in a crucible 
dy melting it with a ſufficient quantity of potaſh ; and laſtly, by refining the melt- 
ed ſilver, if neceſſary, with a little nitrat of potaſh thrown on it. In this manner 
the ſilver will be got ſufficiently pure, while the copper remains unchanged. 
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CHAPTER XXI. | ; 


CONCERNING GOLD. 


* 


Gord, or Sol of the alchemiſts, is the moſt perfe& and the 
leaſt changeable metal known ; it is of a yellow brilliant co- 
lour ; no other ſubſtance in nature is ſo heavy, platina except- | 
ed, for it loſes only between one nineteenth and one twentieth | 
of its weight in water. Neither its hardneſs nor its elaſticity | 
are very conſiderable. Its aſtoniſhing duQility, which are well | " 
aſcertained by the ſmallneſs of gold wire, and the thinneſs of 1 i 

| 
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gold leaf, is ſuch, than an ounce of this metal is ſufficient to 
gild a filver wire of 444 leagues in length, and it is reduced in- 
to plates ſufficiently thin to be blown away by the wind. A . 

grain of gold, according to the calculation of Lewis, is capable | | h 
of covering the ſurface of more than 14co ſquare inches. It + 
is the moſt tenacious of all the metals. A gold wire of one fl 
tenth of an inch in diameter, being capable of ſuſtaining a 
weight of 500 pounds without breaking. Gold ſoon becomes | | 

hard under the hammer, but immediately recovers its ductility [i (I 
by ignition. : | 

The colour of gold is ſuſceptible of confiderable variety ; it | 
is more or leſs yellow, and ſome ſpecimens are almoſt white ; uy 
theſe differences however ſeem to depend on ſome alloy. Gold | 
has neither ſmell nor taſte; it is capable of cryſtallizing by 1 
cooling, in ſhort quadrangular AN as Tillet and Mon- 
gez have obſerved. 

Gold is almoſt always found in a native or virgin ſtate : it 
is ſometimes met with in ſmal! inſulated maſles, diſpoſed on a 
matrix of quartz; ſometimes it is in ſmall ſpangles, intermix- 
ed with ſand at the bottom of waters; and laſtly, it is obtained | 
trom many ores into the compoſition of which it enters, ſuch 0 
as galena, blend, red ſilver ore, and virgin ſilver. It is almoſt | 
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always united with a certain quantity of ſilver and other me- 

tals, forming natural alloys. 0 | 
There are many varieties of native gold, in plates, in grains, 

in otahedral cryſtals, in four fided priſms, ſtriated in filaments, | 
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and in irregular maſſes. Sage thinks, that native gold in 
priſms 1s united to a certain quantity of mercury, which ren- 
ders it brittle. 

Modern mineralogiſts admit ſeveral ſpecies of gold ores. 

I. Native gold united to ſilver, copper, iron, &c. found in 
Peru, Mexico, Hungary, 'Tranſylvania, &c. bends 

2. The auriferous pyrites: it is not eaſily diſtinguiſhed by 
the eye from other pyrites ; the gold is ſeparated by treating 
the ore with the nitric acid, and waſhing the reſidue. The 
gold ſeems to be merely mixed with martial pyrites. Certain 
arſenical pyrites, and in particular thoſe of Salſberg, in Tyrol, 
likewiſe contain a ſmall portion of gold. 

3. Gold mixed with ſilver, lead, or iron, mineralized by 
ſulphur. This auriferous ore 1s of a very compounded nature ; 
according to Sage it conſiſts of blend, galena, ſpecular anti- 
mony, copper, filver, and iron; the gold melts and iſſues out 
with the lead when the maſs is RIP: to heat; it comes from 
Nagaya in Tranſylvania. 

The method of aflaying ores of gold differs according to the 
nature of the mineral ; pulverizing and waſhing are ſufficient 
for the ſeparating of native gold from its matrix; if the gold 
be alloyed with other metals, it will be neceſſary to roaſt the 
ore, and the metal, after being extracted by fuſion, muſt be 
cupelled with lead, and parted with aqua-fortis. 

The method of extracting gold from its ores may be eafily 
underſtood, from the conſideration of the metallurgic proceſſes 
we have already deſcribed. Native gold requires only to be 
ſeparated from its gangue ; for this purpoſe it is ground, and 
afterwards waſhed ; it 1s then triturated in a mortar, filled with 
water, together with ten or twelve parts of mercury: the 
water which waſhes the metallic ſubance, and ſeparates thoſe 
parts which are merely earthy, muſt be decanted off. When 
the amalgam formed in this operation is thus deprived of all 
its earth, and appears very pure, it is preſſed in bags of ſha- 
moy leather ; a great part of the mercury paſſes through the 
pores of the ſkin, and the gold remains united with a certain 
portion of the ſemi-metal. The remaining mercury 1s ſepa- 
rated by diſtillation from the amalgam, and the pure gold being 
fuſed, is caſt into bars or ingots. The gold which is found 
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combined in the ores of other metals, ſuch as thoſe of lead, 
copper, and filver, is extracted by eliquation, cupellation, and 
parting. The lead which flows during the eliquation of the 
copper carries the filyer and the gold with it. Cupellation af- 
terwards ſeparates the lead, and the proceſs of parting ſeparates 
the filver, as we ſhall hereafter obſerve. 

Gold expoſed to the fire becomes red long before it melts, 
In a ſtrong heat it appears of a brilliant ſea green colour ; but 
it does not melt till heated to whiteneſs, and cryſtallizes by 
low cooling, The ſtrongeſt heat of a furnace continued for an 


indefinite time does not produce any change in this metal: 


Kunckel and Boyle made this experiment, by expoſing gold for 
ſeveral months to the fire of a glaſs houſe. This inalterabili- 
ty, however, is merely relative to the fires we are able to make 
with combuſtible ſubſtances; for it appears certain that a 
ſtronger heat, ſuch as that of the ſun concentrated by glaſs 
lenſes, is capable of depriving it of its metallic properties. 
Homberg obſerved that this metal, when expoſed to the focus 
of the lens of Tſchirnhauſen, famed, was volatilized, and even 
vitriſied. Macquer found, that gold expoſed to the focus of 
the lens of Trudaine, melted and exhaled a fume which gilded 
ilver, and was therefore gold in a volatile ſtate ; that the glo- 
bule of melted gold was agitated with a rapid circular motion, 
and became covered with a dull, and, as it were, earthy pel- 
licle; and, laſtly, that a violet vitrification was formed on 
the middle of the globule. This vitrification gradually ex- 
tended, and produced a kind of button, flatter, or of a larger 
curvature, than that of the globule of gold, which ſtuck on the 
globule itſelf, as the tranſparent cornea appears on the ſclero- 
tica of the eye. This glaſs increaſed in ſize, while the gold it- 
{elf continually diminiſhed ; the ſupport always appeared tin- 
ged with a purple colour, apparently produced by the abſorp- 
tion of part of the glaſs. 


Time did not permit Macquer to vitrify entirely a certain. 


quantity of gold. This celebrated chemiſt obſerves, that it is 
a neceſſary condition, that the violet glaſs ſhould be; reduced 
with combuſtible matters, in order to juſtify the aſſertion, that 
it is the oxyd of that perfect metal, which would evidently ap- 


pear to be the caſe, if it became revived into gold. However 
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this may be, we think it may be confidered as a true vitrified 
oxyd of gold, with ſo much the greater probability, as in many 
operations with this metal, preſently to be deſcribed, the pur. 
ple colour is conſtantly produced, and that many preparations 
of gold are employed to give that colour to enamel and porce. 
lain, Gold 1s therefore oxydifiable like the other metals, and 
only requires, as likewiſe does ſilver, a ſtronger heat, and 2 
longer time to unite with the baſe of air than other metallic 
fabſtances. Theſe circumſtances, no doubt, bear relation to its 
denſity, and its ſmall tendency to unite with oxygen. Gold 
may be converted into the ſtate of purple oxyd by the action 
of a ſtrong eleQric ſpark. 

Gold is not changed by expoſure to air ; its ſurface becomes 
tarniſhed merely by the depoſition of foreign bodies which con- 
tinually float in the atmoſphere. Water does not at all change 
it, though, according to the experiments of Lagaraye, it ſeems 
capable of dividing it. 

Gold qves not combine with earths, or the ſalino-terreſtrial 
ſubſtances, in its metallic ſtate; its oxyd makes a part of the 
compoſition of glaſſes, to which it gives a violet or purple 
colour. 

Gold is not at all altered by the moſt concentrated ſulphuric 
acid, even thongh heated. 

The nitric acid appears capable of aitſolving a ſmall portion 
of this metal; ſeveral chemiſts think that this ſolution is pro- 
duced rather mechanically than by a true combination. Brand: 
was one of the fitſt chemiſts who affirmed that the nitric acid 
diſſolves gold, and his aflertion has been confirmed by Scheffer 
and Bergman; but it mult be obſerved, that experiments made 
by the whole claſs of chemiſts of the Academy of Paris, ſhow, 
that the nitric acid only takes up a ſmall portion of gold in pe- 
culiar circumſtances, not mentioned by thoſe chemiſts. See 
Annales de Chemie, Tom. V. Deyenx, member of the College 
of Pharmacy, has obſerved, that the nitric acid diſſolves gold 
only when it is ſmoking, and charged with nitrous gas ; he 
thinks that the acid in this ſtate is not pure, and affirms that 
it is loaded with gas, and by that means converted into a kind 
of aqua regia, We have formerly explained the difference be- 
tween the nitrous and nitric acids. 
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The muriatic acid alone, and in a ſtate of purity, does not 
ſenſibly act on gold. Scheele and Bergman have diſcovered, 
that this acid, when oxygenated, diſſolves gold abſolutely in 
the ſame manner as aqua regia, and forms with this metal the 
ſame ſalt which 1s uſually obtained with the mixed acid em- 
ployed to diſſolve ity, The ſolution appears to take place in 
conſequence of the exceſs of oxygen united to the muriatic 
acid ; it is made without ſenſible efferveſcence, a circumſtance 
common to all metallic ſolutions in the oxygenated muriatic 
acid“. 

Agua regia has been conſidered as the true ſolvent of gold; 
it does not however diſſolve it better than the oxygenated mu- 
riatic acid. Without repeating, in this place, what we have 
elſewhere ſaid reſpecting the nature, properties, and differences 
of this mixed acid, according to the quantity of the two acids 
combined together in its formation, we {hall only attend to its 
ation on gold. As ſoon as the nitro-muriatic acid comes in 
oontact with the metal, it attacks it with an efferveſcence which 
is ſo much the ſtronger, as the acid is more concentrated, the 
temperature higher, and the gold more minutely divided. The 
operation may be haſtened by a gentle heat, or at leaſt its com- 
mencement may be forwarded ; the bubbles ſucceed each other 
without intermiſſion till a portion of the metal is diſſolved, 
after which this appearance gradually ceaſes, and cannot be re- 
newed but by agitation or heat nitrous gas is diſengaged dur- 
ing this ſolution. The nitro-muriatie acid, when faturated 
with as much gold as it is capable of taking up, 1s of a yellow 
colour, more or leſs deep, conſiderably cauſtic, corrodes ani- 
mal matters, and tinges them of a deep purple colour. By 
cautious evaporation it affords cryſtals of a beautiful gold co- 
lour, reſembling topazes, and appearing to conſiſt of truncated 
octahedrons, and ſometimes tetrahedral priſms. This eryſtal- 
lization is not eaſily effected. Monnet thinks that it ariſes 
from the neutral ſalt formed in the nitro-muriatic acid, and 
affirms that it is neceſſary, in order to obtain theſe cryſtals, 
that an agua regia, made with nitric acid and ammoniacal mu- 
riat, or muriat of ſoda, ſhould be employed : the mixed acid 
then contains either nitrat of ſoda, or ammoniacal nitrat. Ac- 
cording to this chemiſt, either of theſe neutral ſalts cauſes the 
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cryſtallization of gold : nevertheleſs it appears, that a ſolution 
of gold in a nitro-muriatic acid, is capable'of affording cryſtals; 
and Bergman conſiders this ſalt as a true muriat of gold: if 
the cryſtals be heated, they melt and aſſume a red colour. This 
ſalt ſtrongly attracts the moiſture of the air. When a ſolution 
of gold is diſtilled, a beautiful red liquor is. obtained, which is 
found to conſiſt of the muriatic acid, charged with a ſmall por- 
tion of gold. The alchemiſts, whoſe labours with gold were 
very great, gave the name of the red lion to this liquor. Some 
cryſtals of gold, of a reddiſh yellow colour, are likewiſe ſub. 
limed in this proceſs ; but the greateſt part of the metal re- 
mains at the bottom of the retort, and requires only to be fuſ. 
ed, in order to regain all its properties. 

The ſolution of gold is decompoſed by a great number of in- 
termediums. Lime and magneſia precipitate gold in the form 
of a yellowiſh powder; fixed alkalis exhibit the ſame pheno- 
menon ; but it muſt be obſerved, that the precipitate is af. 
forded very ſlowly, and that the ſolution aſſumes a reddiſh co. 
lour, if more alkali be added than is neceſſary; becauſe the 
exceſs of this ſalt rediſſolves the precipitated gold. The pre- 
cipitate of gold may be reduced by heat alone, in cloſed veſſels, 
this oxyd readily ſuffering the oxygen to become diſengaged in 
the form of vital air. It is nevertheleſs capable of being fuſed 
with vitreous matters, and communicating a purple colour to 
them ; for the precipitate of gold, formed by the mixture of a 
ſolution of gold and the liquor of flints, is uſed in enamels and 
porcelain, 

Gold precipitated by fixed alkalis has likewiſe a property 
very different from that of gold in its metallic ſtate ; it is ſo- 
lable in the pure ſulphuric, nitric, and muriatic acids; all 
theſe acids, heated on the yellowilh precipitate of gold, readily 
diſſolve it, but do not become ſufficiently ſaturated to afford 
cryſtals. When the ſolutions are evaporated, the gold is rea- 
dily precipitated, as likewiſe happens by mere reſt. Monnet 
has obſerved, concerning the ſolution of gold by nut-galls *, 3 


———_— 


* As we have only ſpoken of the precipitation of. iron by nut-galls, it will be 
proper in this place to give a ſhort account of the phenomena this aſtringent ſub- 
ſtance preſents with moſt other metallic ſolutions, 
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fa& which ought not to be overlooked, viz. that the reddiſh 
precipitate it affords is readily ſoluble in the nitric acid, to 
which it gives a beautiful blue colour. 

Ammoniac precipitates the ſolution of gold in much greater 
abundance. This precipitate, which is of a brown yellow, and 
ſometimes of an orange colour, has the property of detonating 
with a conſiderable noiſe when gently heated: it is called - 
minating gold, The ammoniac is abſolutely neceſſary in the 
production of fulminating gold; this preparation may be form- 
ed either by precipitating a ſolution of gold in nitro-muriatic 
acid, made with ammoniacal muriat, by the addition of fixed 
alkali, or by precipitating with ammoniae a ſolution of gold, 
made in aqua regia, compoſed of pure nitric and muriatic acids. 
The fulminating gold always weighs one fourth more than the 
gold diſſolved in aqua regia. The terrible effects of fulminating 
gold render it neceſſary to act with great caution in the ma- 
nagement of this ſubje& : it muſt be carefully dried in the open 
air, without being bronght near the fire, as a ſtrong heat is 
not neceſſary to produce the fulmination, and friction alone is 
ſufficient for this purpoſe : the veſſels which contain it ought 
not to be cloſed with glaſs ſtoppers, but with cork ; the moſt 
dreadful accidents have ſhown, that glaſs ſtoppers, by the fric- 


Nut-gall precipitates the ſolution of cobalt of a light blue colour; that of zink. 


of a cinerous green; of copper green, which becomes grey and reddiſh; of ſilver, 
firſt reddiſh ſtriæ, which ſoon takes the colour of burnt coſfee; that of gold purple. 
Theſe ſacts have been obſerved and deſcribed by Monnet, who likewiſe ſound 
that theſe precipitates are ſoluble in acids, and that alkalis unite to the laſt men- 
tioned ſolutions, without occaſioning any precipitate. 

To theſe the academicians of Dijon have added the following facts: Solution of 
arſenic is not altered by uut-gall ; that of biſmuth, affords a greeniſh precipitate ; 
ol nickel, a white precipitate ; of antimony, a blackiſh grey; of lead, a flate co- 
loured precipitate, whoſe ſurſace is covered with a mixture of green and red pel- 
cles; laſtly, that of tin becomes of a dirty grey by the mixture of nut-gall, and 
affords an abundant precipitate, of a mucilaginous appearance. 

We ſhall recur again to ſeveral of theſe fats at the article Gallic Acid, in the 
vegetable kingdom. It may, however, be remarked in this place, that the expe- 
riments which Mennet and the acadcmicians of Dijon have made with the de- 
coftion of nut-galls, and which will be afterwards mentioned in the vegetable 
kingdom, relate to the action of the pure gallic acid on metallic ſolutions, as this 
will enable us to explain the difference in the reſults of theſe experiments, N«/- 
of the Author, | 
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tion they produce in the necks of the veſſels, expoſe the Opera. 
tor to great danger, from the fulmination of ſuch particles of 
the gold as may remain between the ftopper and the neck. A 
terrible accident happened in the laboratory of Baume, which 
is related in his Chemie Experimentale et Raiſonee, | 

The opinions of chemiſts have been various reſpecting the 
cauſe of the detonation of fulminating gold. Baume ſuppoſed 
that a nitrous ſulphur, to which he attributes the fulminating 
property, is formed in this experiment ; but Bergman has 
ſhown that this experiment is not admiſſible, fince he made ful. 
minating gold without the nitric acid, by diſſolving a precipi. 
tate of gold in the ſulphuric acid, and precipitating it again 
by the ammoniac. Neither does the fulmination of gold de. 
pend on ammoniacal nitrat, fince this ſalt would certainly be 
waſhed off by the addition of much water; and it is not found 
that fulminating gold loſes its property by ſuch treatment. An 
attentive examination of the fulmination of gold ſhows, that it 
takes fire in the inſtant that it explodes ; if it. be heated very 
gently, brilliant ſparkles, ſimilar to thoſe of electricity, are 
ſeen to eſcape before its exploſion, The diſcharge of an elec- 
tric jar produces a detonation, but a ſimple electric ſpark does 
not. Laſtly, after the fulmination, the gold is found in its 
metallic ſtate. The fulminatipn of gold therefore appears to be 
produced by a combuſtible matter; and as ammoniacal gas is 
neceſſary for the production of this compound, it is at preſent 
acknowledged that the exploſion ariſes from the volatile alkali, 
This theory is founded on the following facts: 

1. Berthollet obtained ammoniacal gas by gently heating 
. fulminating gold in copper tubes, one extremity of which was 
plunged, by means of a ſyphon, beneath the mercury of a 
pneumato-chemical apparatus. After this experiment the gold 
was deprived of its fulminating property, and reduced to the 
ſtate of an oxyd. 

2. By expoſing fulminating gold to a degree of heat not ſuf- 
ficient to cauſe it to fulminate, Bergman deprived it of that 
property by gradually volatilizing the ammoniacal gas. 

3. When a few grains of fulminating gold are detonated in 
copper tubes, whoſe extremity is plunged beneath the mercury 
of the pnenmato-chemica! apparatus, azotic gas and a few drops 
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of water are obtained, and the gold is reduced. Berthollet, 
the inventor of this experiment, thinks that the ammoniac is 
decompoſed ; that its hydrogen, uniting with the oxygen of the 
oxyd of gold, reduces this oxyd by forming water, and that 
the azotic gas is ſet at liberty; the fulmination, therefore, de- 
pends on the combuſtion of the hydrogen, and the ſudden diſ- 
engagement of the azotic gas. 

4. Concentrated ſulphuric acid, melted ſulphur, fat oils, or 
ether, deprive gold of its fulminating property, by ſeizing the 
ammoniac. A fingular property of fulminating gold, which 
{hows its action, is, that when it is exploded on a plate of me- 
tal, either lead, tin, or even filver, it makes a mark or per- 
foration in it. Laſtly, it does not appear capable of taking 
fire in very ſtrong and well cloſed veſlels, ſince, according to 
Lewis, it produced no exploſion in an iron ball well cloſed and 
ſtrongly heated. This phenomenon appears to depend on its 
being neceſſary that a ſpace ſhould be left for the diſengage- 
ment of the azotic gas. Bergman, who was not well acquaint- 
ed with the nature of the gas diſengaged during the fulmina- 
tion of this precipitate, and who conſidered it as pure air, to- 
gether with a ſmall portion of ammoniac, has given a ſimilar 
explanation of the experiments made by the Royal Society of 
London *. Berthollet has diſcovered that the oxyd of filver, 


precipitated from the nitric acid by lime, and digeſted with 


ammoniac, which ſeparates it when the oxyd has aſſumed a 
blackiſh colour, acquires the property of detonating, not only 
by a heat very little ſuperior to that of boiling water, but 
likewiſe by the mere friction of any ſubſtance in the ſlighteſt 
manner. This fulminating filver is much more remarkable 
than even that of gold, whoſe fulmination is owing to the ſame 
cauſe. The ammoniac, decanted from this oxyd, depoſits, by 
flow evaporation, ſmall brilliant and lamellated cryſtals, which 
have the fulminating property, even at the bottom of the wa- 
ter, by ſimple friction. | 

The ſolution of gold is precipitated by alkaline ſulphures, 


8 
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® Sec the valuable diſſertation of this chemiſt on the Fulminating Calx of Gold, 
Vol. 1]. of his Chemical Efſays. London, 3784. 
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while the fixed alkali unites to the acid ; the ſulphur which 
falls down combines with the oxyd of gold ; but this combina. 
tion is by no means ſtrong, for the ſulphur may be driven off, 
and the perfect metal left pure, by the application of heat. We 
muſt here obſerve, that gold, precipitated from its ſolution by 
any intermedium whatſoever, is perfectly pure, even more ſo 
than gold purified by the proceſs of parting ; becauſe it is ſe. 
parated from the filver it may contain in this laſt proceſs, which 
may fall down in the form of a muriat, and takes place even 
during the ſolution of gold, as we have before remarked. 
Gold has not the ſtrongeſt affinity of any metal with nitro. 
muriatic acid ; almoſt all other metallic ſubſtances, on the con. 
trary, ſeparate it from its ſolvent : biſmuth, zink, and mer. 
cury, precipitate gold. A plate of tin, plunged in a ſolution of 
gold, ſeparates the perfect metal in the form of a deep violet 
powder, called purple precipitate of Caſſius. , This precipitate, 
which is uſed in painting in enamel and on porcelain, is pre- 
pared by diluting a ſolution of tin in nitro-muriatic acid, with 
a large quantity of diſtilled water, and pouring 1n a few drops 
of the ſolution of gold; when the ſolutions are well ſaturated, 
a red or crimſon precipitate 15 1mmediately formed, which at 
the end of a few days becomes purple: this precipitate 1s light, 
and, as it were, mucilaginous ; it is ſeparated from the liquor 
by filtration, waſhed, and afterwards dried. It conſiſts of the 
oxyds of tin and gold, and its preparation is one of the moſt 
ſingular operations in chemiſtry, with reſpect to the variety 
and uncertainty of the phenomena it exhibits; ſometimes the 
precipitate is of a beautiful red, ſometimes its colour is a deep 
violet; and, what 1s ſtill more aſtoniſhing, it frequently hap- 
pens that the mixture of the two ſolutions cauſes no precipi- 
tate whatever. Macquer, who very carefully obſerved theſe 
varieties, finds that they depend almoſt always on the ſtate of 
the ſolution of tin made uſe of; if the ſolution has been made 
too rapidly, the metal 1s too much oxydated, and 1s contained 
in too ſmall a quantity for the acid of the ſolution of gold to 
act on it; for it is to the action of this laſt on the tin, that he 
attributes the formation of the purple precipitate of Caſſius. 
In order to ſucceed in this operation, according to him, the ſo- 
lution of tin muſt be made very flowly, and in ſuch a manne: 
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that ĩt may contain the greateſt poſſible quantity of metal not 


too much oxydated : on theſe principles he lays down the fol- 


lowing proceſſes for making purple precipitate. Pieces of tin 
are to be diffolved in a mixed acid, made of two parts'of nitric 
acid and one part of muriatic acid, diluted with an equal weight 
of diſtilled water; on the other hand, very pure gold muſt be 
difolved by heat in a mixed acid, compoſed of three parts of 
nitric acid and one part of muriatic acid; the ſolution of tin 
is to be diſtilled in 100 parts of diſtilled water, and divided in- 
to two portions; to the firſt of the two, an additional quantity 
of water is to be added, and each muſt be tried with a drop of 
the ſolution of gold ; that which affords the moſt beautiful red 
colour muſt be noted, and the ſame management adopted with 
the others ; after which the ſolution of gold muſt be poured in 
till it no longer occaſions any precipitate. 

Lead, iron, copper and filver, have likewiſe the property of 
ſeparating gold from its ſolvent ; lead and filver precipitate it 
of a deep and dirty purple ; copper and iron ſeparate it with 
its metallic brilliancy ; the nitric ſolution of filver, and that 
of ſulphat of iron, likewiſe occaſion a red or brown precipitate 
from any ſolution of gold ®. + 

The action of neutral ſalts on gold is not perceptible ; it is 
only obſerved, that borax, fuſed with this metal, alters its 
colour, and renders it remarkably pale, whereas nitre or 
muriat of ſoda re-eſtabliſh the colour. The ſolution of borax, 


poured into the ſolution of gold, cauſes a precipitate of bo- 


racic acid, charged with particles of the metal c. 

Sulphur is incapable of uniting with gold, and is advantage- 
ouſly uſed to ſeparate metals, with which gold may be alloyed, 
more efpecially filver : this alloy is melted in a crucible, and 
flowers of ſulphur, or ſulphur in powder, is thrown on its 
ſurface : the latter ſubſtance, melting and combining with the 
ſilver, floats above the gold in the form of a blackiſh ſcoria. 
It muſt be obſerved, that this operation, called dry parting, ne- 
ver ſeparates the two metals accurately from each other, and 
that it is not uſed, except when the maſs of ſilver does not 
contain a ſufficient quantity of gold to repay the expence of 
the operation of parting by aquafortis. 
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Alkaline ſulphure completely diſſolves gold. Stahl even 
thinks that this proceſs was uſed by Moſes, to render the calf 
of gold adored by the Iſraelites ſoluble in water: to form this 
combination, a mixture of equal parts of ſulphur and potaſh 
muſt be quickly fuſed with one-eighth part of the whole weight 
of leaf gold; this matter being poured out and levigated on a 
ſtone, forms, with bot diſtilled water, a yellowiſh green ſolu. 
tion, containing an auriferous ſulphure of potaſh; the metal 
may be precipitated by means of acids, and ſeparated from the 
ſulphur, which falls-down at the ſame time by heating it in an 
veſſel d. 

Gold combines with moſt metallic ſubſtances, and exhibits 
many important phenomena in its combinations. 

It unites with arſenic, and forms a brittle pale compound; 
the laſt portions of arſenic are very difficultly ſeparated from 
this alloy by the action of heat; the gold ſeems to communi. 


_ cate fixity to it. 


The alloy of cobalt with gold has not been examined. 
It unites with biſmuth, which renders it white and brittle, 


as do likewiſe nickel and antimony ; as theſe metals are very 


oxydifiable, and, for the moſt part, fuſible, they are eaſily ſe. 
parated from gold by the combined action of fire and air. 

Sulphure of antimony has been greatly extolled by the al- 
chemiſts for the purification of gold ; when this ſubſtance 1s 
melted with gold, alloyed with other metallic ſubſtances, as 
copper, iron, or filver, the ſulphur of the antimony unites to 
the alloy, and ſeparates them from the gold, which is found at 
the bottom of the veſlel ; this gold is contaminated with anti- 
mony, and muſt be purified by a white heat ; the antimony, 
by this treatment, is volatilized, but the laſt portions require 
a very ſtrong heat to drive them off. It is likewiſe obſerved, 
that this metal carries up certain portions of gold in its vola- 
tilization. This proceſs, ſo celebrated by the alchemiſts, has 
not, therefore, any advantage over that in which ſulphur is 
employed alone. | 

Gold readily unites with zink; the product is a mixed me- 
tal, more brittle and white in proportion as the quantity 
of metal is greatem This alloy, made with equal parts of 
each metal, is of a very fine grain, aud takes ſo beautiful 2 
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poliſh, that it has been recommended by Hellot to make mir. 
rors of teleſcopes, not being ſubject to tarniſh. When the 
zink is ſeparated from the gold by calcination, the oxyd which 
this metal affords 1s reddiſh, and carries up a ſmall quantity of 
gold with it, as Stahl bas obſerved. 

Gold has a ſtronger affinity with mercury than with other 
metallic ſubſtances, and is capable of decompoſing their amal- 
gams ; it unites with mercury in every proportion, and forms 
an amalgam which is more ſolid, and of a darker colour, in 
proportion as the quantity of gold is greater; this amalgam 
liquifies by heat, and cryſtallizes by cooling, as do moſt com- 
pounds of this nature ; 1t 1s not well known what regular form 
it takes. Sage affirms, that the cryſtals reſemble plumoſe fil- 
ver, and, by the magnifier, appear to be quadrangular priſms. 
He likewiſe aſſerts, that the mercury acquires fixity in this 
combination, This amalgam is employed in water-gilding. 

Though gold is not capable of oxydation by the action of 
the fire of our furnaces with acceſs of air, it nevertheleſs be- 
comes ſo when heated together with mercury : if mercury, 
with one forty- eighth of its weight of gold, be heated in a flat- 
bottomed matraſs, whoſe neck is drawn out into a capillary 
tube, in the ſame manner as is done in the preparation of the 
oxyd of mercury, called precipitate per ſe, the two metallic ſub- 


ſtances become oxydated at the ſame time, and are converted 


into a deep red powder. This compound oxyd, according to 
Baume, is obtained in much leſs time than that of mercury 
alone, We here ſee a metal, which, though very difficult to 
oxydate alone, aſſiſts and facilitates the oxydation of another 
metallic matter, which is likewiſe very difficultly oxydated. 

Gold is eafily alloyed with tin and lead ; theſe two metals 
deprive it of all its ductility; its alloy with iron is very hard, 
and may be uſed to form cutting inſtruments, much ſuperior 
to thoſe made with pure ſteel: this mixtute is grey, and at- 
tracted by the magnet. Lewis propoſes gold as a very proper 
and firm ſolder for ſmall pieces of ſteel. 

Gold combines with copper, which gives it a red colour, 
and greater firmneſs, at the ſame time that it renders it more 
fuſible : this alloy is mixed in different proportions for money, 
plate, and toys. Laſtly, Gold is alloyed with filver, which dee 
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prives it of its colour, and renders it very pale: this alloy i 
not, however, made without a certain degree of difficulty on 
account of the different ſpecific gravities of theſe two metals, 
as Homberg obſerves, who ſaw them ſeparate during their fu. 
ſion. The alloy of gold with filver forms the * gold of the 
jewellers and gold- beaters. 

As gold is of the moſt extenſive uſe, and, by the convention 
of mankind, is become, together with ſilver, the price of all 
the other productions of nature and of art, it is of importance 
to aſcertain the degree of purity of this precious metal, 'in or. 
der to prevent the deceptions which covetouſneſs might pro- 


duce, and to cauſe the value of all the maſſes or pieces of gold 


diſperſed in commerce to be the ſame, equal weights being 
ſuppoſed. Severe laws, founded in juſtice, have therefore been 
made, eſtabliſhing the quantity of alloy neceſſary to be uſed, in 
order to give the due degree of hardneſs and rigidity to gold 
intended to form utenſils, in which theſe properties are neceſ- 
ſary. Chemiſtry affords methods of aſcertaining the quantity 
of imperfe& metal mixed with gold : the operation by which 
this knowiedge is obtained is called the affay of gold. Twenty- 
four grains of the gold intended to be aſſayed is cupelled with 
forty-eight grains of filver and four drachms of pure lead ; the 
latter, in its vitrification, carries along with it the imperfe& 
metals, ſuch as copper, &c. and the gold remains combined 
with the filver after the cupellation is finiſhed. Theſe two 
metals are ſeparated by an operation called parting ; the part- 
ing of gold and filver conſiſts in the ſeparating of the two me- 
tals by a ſolvent, which acts on ſilver without affecting gold: 
aquafortis is commonly uſed. Silver is added to the gold, be- 
cauſe experience has ſhown that it is neceſſary the gold ſhould 
be mixed with at leaſt double its weight of ſilver, in order that 
the nitric acid may perfectly diſſolve the latter metal. As 
three parts of ſilver are uſually added to one of gold, this pro- 
ceſs is called quartation, the gold being one-fourth of the weight 
of the alloy. | 

The metallic button being hammered flat, and care being ta- 
ken to heat it from time to time, leſt it ſhould become hard 
and break in pieces, and ſome part fly away and be loſt, it is 
then rolled up in a ſpiral form, and put into a ſmall matraſs, 
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with five or fix drachms of precipitated aquafortis at 320, 
which has been previouſly diluted with half its weight of wa- 
ter: a gentle heat is applied till the efferveſcence has taken 
place; the filver is diſſolved, and the metallic coil aſſumes 
2 brown colour, When the action of the acid has ceaſed, it is 
decanted off, and about half an ounce at 30% is to be poured on 
the metal, and boiled on it till the filver be completely diſſolv- 
ed, This ſecond operation is called e repetition. The ſpiral 
piece of metal, which is now become very thin and porous, is 
waſhed with water, and put into a crucible, together with the 
water; the water 1s then decanted off, the crucible made red 
hot, and the gold is found pure with all its metallic proper- 
ties: by the weight of the gold, the quantity of alloy it origi- 
nally contained is known, To aſcertain with preciſion the 
quantity of imperfect metal which the gold may contain, a gi- 
ven maſs of gold is ſuppoſed to contain twenty-four parts, call. 
ed carats; and, for great exactneſs, each carat is divided into 
thirty-two parts, called thirty ſeconds of a carat: if the gold 


after the aſſay has loſt one grain out of twenty-four, it is gold 


of twenty-three carats ; if it has loſt one grain and a half, it is 
gold of twenty carats fixteen thirty-ſeconds, and ſo forth. The 
weight uſed in the aſſay of gold is called the afay weight, and 
uſually conſiſts of twenty-four grains; it is divided into twen- 
ty-four carats, which are likewiſe ſubdivided into thirty-two 
parts: an aſſay weight, which weighs twelve grains, is like- 
wiſe uſed, but divided into twenty-four carats, and the carat 
into thirty-two thirty ſeconds. 

There are two important obſervations neceſlary to be made 
reſpecting the operation of parting. | . 

1. Some chemiſts have thought that the nitrie acid diſſolves 
2 ſmall quantity of gold with the ſilver. Baume has obſerved, 
(pag. 117 and 118 du Tom. III. de ſa Chemie), that the ſilver 
obtained in the operation of parting contains a notable quanti- 
ty of gold. Out of two pounds of fine grain filyer, uſed by 
this chemiſt, to make lapis infernalis, he affirms, that he has 
' uſually ſeparated near half a drachm of gold in the form of a 
black powder ; however, when the parting is made with an 
acid not too much concentrated, and the ſolution is not carried 
too far, the gold remains pure and untouched, and the ſilver 
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contains no portion of that metal. The gentlemen of the che. 
mical claſs of the Academy were directed, by adminiſtration, 
to examine whether, in the proceſs of parting, the nitric acid 
diſſolves gold; they made a great number of experiments, from 
which they concluded, © that in the operation of parting, ac. 
„ cording to the received rules and uſage, there can never be 
© the ſmalleſt loſs on the gold, and that this operation may be 
c conſidered as perfect. This deciſion, extracted from the re. 
port publiſhed by the Academy, 1s well calculated for the in. 


formation of the public, and the eſtabliſhment of commercial 


confidence reſpecting this ſubject. 

2. Many docimaſtic philoſophers, and: amongſt others Schind. 
ler and Schlutter, have thought that the coil of gold, after 
parting, retained a ſmall quantity of filver ; to this portion 
they gave the name of ſurcharge, or interhalt, Hellot, Mac. 
quer and Tillet, who were commiſſioned to examine the ope- 
ration of the aſſayers of money, have proved, that it does not 
contain ſilver ; yet Sage affirms in his work, entitled, I4r: 
HPeffazer Per et Pargent, page 64. that this gold always retains a 
ſmall proportion of filver, and that it may be exhibited by 
diſſolving the metal in twelve parts of nitro-muriatic acid, the 
cold ſolution depofiting, at the end of a certain time, and often, 
even twelve hours after it ha. un made, a ſmall quantity of 
muriat of filver, in the form of a white powder. 

Gold is applied to a great number of uſes; its ſcarcity and 
price prevent its being made into utenſils or veſſels ; but as its 
brilliancy and colour are very agreeable, methods have been 
found of applying it to the ſurface of a great number of bodies, 
which it at the ſame time defends from the impreſſions of the 
air. 

This art, in general called gilding, is performed in a variety 
of methods. Leaves of gold are often applied on wood by 
means of ſome glutinous ſubſtance. A powder of gold is pre- 
pared by triturating the clippings of gold leaf with honey, 
waſhing the paſte with water, and drying the particles of gold 
which precipitate. Shell gold is an oxyd of gold, mixed with 
a mucilaginous water, or ſolution of gum. The name of gold 
in rags is given to the following preparation : Rags are ſteeped 
in a ſolution of gold, and afterwards dried and burned for ule; 
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a wet cork is dipped in theſe aſhes, and rubbed on ſilver, upon 
which the minutely divided gold eafily applies itſelf. We have 
already ſpoken of water-gilding ; this is done by previouſly 
cleaning a piece of copper, intended to be gilt, with ſand and 
weak aqua-fortis, called aqua ſecunda, after which the piece is 


plunged in a diluted ſolution of mercury; the mercury which 


precipitates cauſes the amalgam of gold- to adhere ; which 1s 
ſpread on the piece, after having waſhed it with water to carry 
off the acid ; when the amalgam is uniformly ſpread, the piece 
is heated on charcoal, to volatilize the mercury, and the work 
is finiſhed by covering it with gilder's wax, compoſed of red 
bole, verdigriſe, alum, or martial vitriol, incorporated with yel- 
low wax, and heated once more to burn off the wax. 

The other uſes of gold, for toys, laces, &c. are ſufficiently 
known without enumeration. As to the medicinal virtues at- 
tributed to gold, it is admitted by all phyficians of reputation, 
that they are imaginary, and that the effects of the different 
kinds of potable gold propoſed by the alchemiſts, ariſe from 
the ſubſtances in which the metal has been mixed or diſſolved. 


NOTES ON THAPTER XXI. 
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a If gold leaf be ſhut up in cloſe veſſels with oxygenated muriatic acid gas, the 
gold ſoon diſappears, and is converted into a yellow fluid. On opening the veſſel 
it will be found that the gas has been abſorbed. Scherer obſerved, that concen- 
trated oxygenated muriatic acid occafioned an immediate inflammation, on com- 
ing into contact with gold leaf. See Gren's Your. der Plyſ. B. VIII. ſ. 375. 

b Though the oxygenated muriatic, or nitro-muriatic acids, are to be conſidered 
as the proper ſolvents of gold, yet the oxyd of that metal combines readily with 
ſome of the other acids, and forms with them metallic neutral ſalts, the proper- 
ties of which have been hitherto but little inveſtigated. 

The ſulphat, nitrat, and muriat of gold are ſaid to be incryſtallizable. The 
borat is unknown, The phoſphat melts by heat into a beautiful clear red glaſs, 
Phoſphoric acid, according to Margraaf, precipitates gold in its metallic ſtate by 
long ſtanding, from its ſolution in aqua regia, The tartaric acid diſſolves oxyd of 
gold, but the ſalt which it forms is unknown. Oxalat of gold is inſoluble in wa- 
ter. The citrat and malat of gold have net been examined. Benzoat of gold has 


been obtained in the form of irregular cryſtals, which are difficultly ſoluble in 
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water, and remain unchanged in the air. The acetat and ſuccinat of gold are liz. 
tle known, Pruſſiat of potaſh precipitates gold from its ſolution in aqua regia, 
but an exceſs of the pruſſiat rediſſolves the precipitate. Gren: Handbuch. Gali. 

Mr. Tennant, in the courſe of his experiments on the diamond, had occafion 
to obſerve, that when that ſubſtance was not in ſufficient quantity to ſupply the 
alkali of the nitre with carbonic acid, -a portion of the gold was diſſolved. This 
obſervation induced him to put ſome thin pieces of gold itito the tube, together 
with nitre, and to expoſe them to a ſtrong red heat for two or three hours, About 
60 grains of gold were found to have been diſſolved. Upon the addition of wa. 
ter about 50 grains of the gold were precipitated in the form of a black powder, 
The greater part of this precipitate was in its metallic tate, The gold remaining 
in the ſolution communicated to it a light yellow colour. It was precipitated, firſt 
of a deeper yellow, then of a green, and at laſt of a blue colour, by the addition 
of diluted ſulphuric, or nitric acids. Mr. Tennant attributes the change of co- 
lour to the gradual precipitation of the gold in its metallic form. While in ſolu. 
tion, it exiſted in the ſtate of an oxyd. Morveau Elem. de Chem, Tom. II. p. 189. 


Bergman, Opuſcul: Tom. II. p. 189. Encyclop. Method. Tom. I. p. 176. 


4 Phoſphorus unites by fuſion with gold. Pelletier ſucceeded in effeRing this 
combination, by melting together, in a covered crucible, four parts of gold duſt 
with eight of glaſſy phoſphoric acid, and one of charcoal. The phoſphure is 
paler, whiter, and more brittle than gold, This combination may be decompoſed 
by roaſting it in an open fire. 
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CHAPTER XXII. 
CONCERNING PLATINA, "Jp = 


. 
Patina, which has not been known as a peculiar metal for = 
more than forty years, has been hitherto found only in the | 
gold mines of America, more eſpecially 1 in thoſe of Santa Fe, | 
near Gurthagena, and in the Bailiwick of Choco in Peru. The 
Spaniards give it this name from the word plata, which ſigni- 
es ſilver in their language, by way of compariſon to that me- l 
tal, whoſe colour it imitates. The name of wvhrte gold, however, i 
appears fo agree better with its properties than that of little 
/ilver, becauſe it in fact reſembles gold much more than ſilver 
in moſt of its properties. Some toys made of platina were in | 
exiſtence before the time we have cited ; but as this metal | 
cannot be melted and wrought alone, it is probable that the | | 
ſnuff boxes, heads of canes, and other utenſils of this kind; 1 
which were ſold under the name of platina, were alloys of this ly 
metal with certain metallic ſubſtances, which might give it fu- Pill 
ſibility, as we ſhall ſee in the hiſtory of its alloys. | | 
The plgtina, in mineralogical collections, has the form of _ 
ſmall grains, its plates of a blueiſh black, whoſe colour is in- | | 
termediate between thoſe of filver and iron. Theſe grains are 4 
mixed with many foreign ſubſtances ; they contain ſmall parti- | | 
cles of gold, blackiſh ferruginous ſandy grains, which by the | | | 
| 
| 


magnifier appear ſcorified, and certain particles of mercury; 
the mercury is ſeparated from this mixture by heating; waſh- 
ing carries off the ſand, and grains of iron, which may like- 16 
wiſe be ſeparated by the magnet; after which the particles of | 
gold and grains of platina only remain, which are eaſily ſepa- 1 
rated according to Margraaf. If the grains of platina be exa- | 1 
mined by the magnifier, ſome appear angular, others round and 
flat, like a kind of button. When beat on the anvil, moſt of | 
them are flattened, and appear ductile; ſome break. into ſeve- Wh 
ral pieces; the latter examined more narrowly, appear to be | 
hollow, and particles ef iron and a white powder has been Mi; 
Vel. II. K k | 
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found within them. The property of being attracted by the 
magnet, which theſe grains poſſeſs, though accurately ſeparat. 
ed from the ferruginous ſand they contain, muſt doubtleſs b. 
attributed to a portion of iron contained within them. 

The hardneſs of this metal nearly approaches to that of iron; 
the ſpecific gravity of platina, mixed with all the foreign mat. 
ters we have ſpoken of, nearly approaches to that of gold; it 
loſes in water between one ſixteenth and one eighteenth of its 
weight. Buffon and Tillet compared together an equal volume 
of platina, and of gold reduced into particles fimilar to thoſe 
of the platina, and found that the ſpecific gravity of the for. 
mer was about one twelfth leſs than the gold. Late experi. 
ments have ſhown, that platina exceeds gold in weight, when 
it has been purified by a long fuſion *. 

It is not probable that platina exiſts in its ores in the ſame 
form as 1t comes to us, but that its granular or plated figure 
is produced by the motion of the waters by which it is carried 
from the mountains to the plains. It has been ſometimes found 
in maſſes of conſiderable magnitude; the ſociety of Biſcay poſ- 
ſeſs one of the ſize of a pigeon's egg. As it is found in the 
neighbourhond of gold mines, it is always mixed with a quan- 
tity of this metal. The mercury it contains is part of that 
uſed in extracting the gold. Theugh toys made of platina 
have been long ſold, this metal was not diſtinguiſhed as a pecu- 
liar ſubſtance till lately : the workmen paid no particular at- 
tention to it, and appear to have ſet no value on it, becauſe of 
its dull aſpeR, and the difficulty of treating it. The firſt per- 
fon who paid any particular attention to platina, was a Spaniſh 
mathematician, Don Antonio Ulloa, who accompanied the 
French Academicians in the celebrated expedition to Peru, for 
determining the figure of the earth. This philoſopher gives 2 
curſory account of it in the relation of his voyage, publiſhed 
at Madrid in the year 1748. Charles Wood, an Engliſh me- 
tallurgiſt, brought a quantity of this metal from Jamaica in 
the year 1741, which he afterwards examined, and gave an 
account of his experiments in the Philoſophical Tranſactions 
for the years 1749 and 1750: at this era, the greateſt chemiſts 
in Europe appeared emulous in their inquiries reſpecting this 
new metal, which promiſed, by its fingular properties, ſuch 
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conũderable advantages, Scheffer, a Swediſh chemiſt, publiſh- 
ed his experiments on platina in the Memoirs of the Academy 
of Stockholm, in the year 1752. Lewis, an Engliſh chemiſt, 
made a connected and almoſt complete ſeries of experiments on 
this metal, which may be found in the Philoſophical Tranſac- 
tions for the year 1754. Margraaf has inſerted in the Me- 
moirs of the Academy of Berlin for 1757, an account of his 


experiments on this new metal. Moſt of theſe Memoirs were 


collected by Morin, in a work entitled La platine, L'or blanc, 
ou le huitieme metal, Paris 1758. At the ſame time Macquer 
and Baumé made, in conjunction, a great number of import- 
ant experiments on platina, which were publiſhed in the Me- 
moirs of the Academy for the year 1758. Buffon has given 
an account in the firſt volume of the Supplement to his Natu- 
ral Hiſtory, of a ſeries of inquiries reſpecting platina made by 
himſelf, Morveau, and the Count de Milly. The Baron Sick- 
engen has likewiſe made a ſeries of experiments on this me- 
tal; his work has not yet been publiſhed in French, but Mac- 
quer has given an extract of it in his Dictionary of Chemiſtry. 
Rome de Liſle has communicated to the academy certain ex- 
periments made by himſelf on platina. The ſcarcity of this 
metal, and the difficulties attending the experiments made on 
it, ſtopped for a time the progreſs of inquiries, but within the 
laſt few years they have been reſumed with new ſpirit. Berg- 
man, Achard, and Morveau, have exerted themſelves in the 
examination of the properties of this metal. 

Platina purified and ſeparated by waſhing, trituration, and 
by the muriatic acid, from the foreign bodies it may contain, 
and afterwards expoſed to the moſt violent heat of a furnace, 
is not altered, but its parts ſlightly adhere together. All the 
chemiſts, who have made experiments on this metal, agree in 
this reſpect. Macquer and Baume kept it for ſeveral days ex- 
poſed to the” continual fire of a glaſs-houſe, without any other 
alteration, than that its grains were ſlightly adherent to each 
other ; but this agglutination was ſo flight, that they ſeparated 
even by touching. They obſerved, that in theſe experiments 
the colour of the platina became brilliant by a white heat; 
that it acquired a dull and greyiſh colour after it had been 
heated a long time; and laſtly, tnat its weight was conſtantly 
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increaſed as Margraaf had aſcertained, which could only ariſe 
from oxydation. Theſe chemiſts expoſed platina to the focus 
of a large burning mirror; it firſt ſmoked, then emitted very 
lively ſparks, and laſtly, thoſe portions which were expoſed to 
the centre of the focus, melted in the ſpace of a minute. The 
melted portions were of a white brilliant colour, in the form 
of a button ; they could be cut into pieces with a knife ; one 
of theſe maſſes was flattened on the anvil, and converted into a 
thin plate, without cracking or breaking, but it became hard 
under the hammer. This valuable experiment ſhows, that 
platina is fuſible by a fire of the utmoſt violence; that it is as 
malleable as gold and filver, and that it 1s ſcarcely alterable by 
the action of fire; for in all theſe experiments, moſt of which 
were made 1n the open air, the platina exhibited no appearance 
of oxydation. Morveau has likewiſe ſucceeded in melting 
platina in the wind furnace deſcribed by Macquer, by means 
of his own reducing flux, compoſed of eight parts of pounded 
glaſs, one part of calcined borax, and half a part of charcoal 
in powder. Small portions alone, and without addition, are 
now very eaſily melted, by heating them on a lighted charcoal, 
with a ftream of vital air; but theſe ſmall ductile globules 
cannot be applied to any uſe, on account of their inconſiderable 
ſize. | 

Platina, when expoſed to air, is not at all changed; it is not 
bowever known what alteration it may be ſuſceptible of, if 
kept red hot for a long time with contact of air; perhaps it 
might be oxydated, as Junker aflirms gold and ſilver are, when 
treated in the ſame manner. 

This metal is not altered by water, earthy matters, the ſa- 
lino-terreſtrial ſubſtances, or by alkalis. The moſt concentrat- 
ed ſulphuric acid, and the ſtrongeſt and moſt fuming nitric and 
muriatic acids, do not act on platina, even when boiling ; nei- 
ther is diſtillation, which is known to be ſo efficacious in pro- 
moting the action of acids on metallic ſubſtances, of any advan- 
tage in the preſent caſe. The ſulphuric acid fimply tarniſhes 
the grains of platina, according to Lewis and Baume ; the ni- 
tric acid, on the contrary, renders them brittle. Margraaf 
affirms, that towards the end of the diſtillation of this acid 
from platina, he obtained a ſmall quantity of arſenic, a pheno- 
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menon not obſerved by other chemiſts, The muriatic acid 
produced no change whatſoever in grains of platina. Mar- 
graaf likewiſe obtained from this acid, diſtilled from the metal, 
a white ſublimate, which appeared to him to be arſenic, and a 
reddiſh ſublimate, whoſe properties he could not examine on 
account of its being in ſo ſmall a quantity. All theſe appear, 
however, to be foreign to the platina itſelf : this metal there- 
fore reſembles gold by the (light action of the ſimple acids upon 
it; but the analogy is ſtill more evident by its ſolubility in 
the oxygenated muriatic acid, and in nitro-muriatic acid. 

The firſt of theſe acids diſſolves platina with facility, and 
without the aſſiſtance of a ſtrong heat; ſeventy or eighty de- 
grees of heat in the atmoſphere being ſufficient to facilitate this 
ſolution, which takes place without any ſenſible efferveſcence, 
and in other reſpects does not differ from the following. 

The nitro-muriatic acid beſt adapted to diſſolve platina is 
compoſed of equal parts of the muriatic and nitric acids. To 
effect this ſolution, which in general is leſs eafily performed 
than that of gold, one ounce of platina muſt be put into a re- 
tort, on which a pound of nitro-muriatic acid, in the propor- 
tions here mentioned, muſt be poured ; the retort is then to be 
placed on a ſand bath, with a receiver applied; as ſoon as the 
acid is hot, a few bubbles of nitrous gas are extricated, and 
the action of the mixed acid proceeds without violence or ra- 
pidity. The colour of the fluid becomes at firſt yellow, af- 
terwards orange, and at laſt of a very deep brown, When the 
ſolution is finiſhed, reddiſh and black particles of ſand are found 
at the bottom of the retort, from which the ſaturated liquor 
is to be ſeparated by decantation : ſmall irregular cryſtals of a 
duſky colour are gradually depoſited, which conſiſt of a combi. 
nation of the acid and platina. The ſolution of platina is of a 
deeper colour than that of any other metal. Though it ap- 
pears of a dark brown, yet, if it be diluted with water, it aſ- 
ſumes firſt an orange colour, which ſoon becomes yellow, and 
reſembles the ſolution of gold: it tinges animal matters of a 
blackiſh brown, not at all inclining to purple. Baume affirms, 
that platina fuſed in the focus of a burning mirror, and diſ- 


ſolved in aqua regia, does not aſſume a brown colour, like that 
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of platina in grains, but that the lolution! is of a deep orange 
yellow colour. 

Macquer affirms, that by evaporating and cooling the ſolu- 
tion of platina, much larger and more regular cryſtals are ob- 
tained, than thoſe ſpontaneouſly depoſited by the ſaturated 
fluid. Lewis having left this ſolution to evaporate in the open 
air, obtained cryſtals of a deep red, of a moderate ſize, irre- 
gularly formed, and reſembling the acid of benzoin, though 
thicker : Bergman deſcribes it as being of an octahedral form, 
This ſalt is ſharp, but ſcarcely cauſtic ; it melts in the fire, the 
acid being diſſipated, and a reſidue is left in the form of an ob- 
ſcure grey oxyd. Concentrated ſulphuric acid occaſions a pre- 
cipitate of a deep colour, which, doubtleſs, is a ſulphat of pla- 
tina ; the muriatic acid, in a certain time, produces a yellowiſh 
- depoſition. 

Alkalis and the ſalino- terreſtrial ſubſtances decompoſe the 
ſolution of platina, and precipitate the metal- in the form of 
an oxyd: the carbonat of potaſh produces an orange coloured 
precipitate in the ſolution of platina, which is not a pure 
oxyd. Macquer and Baume have obſerved that its colour is 
owing to a certain quantity of acid it contains. It muſt there- 
fore be conſidered as a mixture of a portion of the oxyd of 
platina, with muriat of potaſh, or as a kind of triple alt, 
This opinion is proved by waſhing the precipitate with hot 
water; for the fluid then becomes coloured by diffolving the 
ſalt of platina, and the reſidue, which is a pure oxyd of the 
metal, is grey. Fixed alkali, boiled on this precipitate, quick- 
ly deprives it of its colour, and leaves an oxyd of platina, 
which is of a pearl colour, according to the experiments of 
Baume : this chemiſt was convinced that the precipitate of 
platina is ſoluble in the alkali, becauſe a ſolution of the metal, 
dropped into an hot ſolution of carbonat of potaſh, afforded no 
precipitate. For this reaſon it is that the ſolution precipitated 
by fixed alkali always retains a deep colour, and affords plati- 
na by evaporating it to dryneſs. Margraaf has diſcovered that 
ſoda does not precipitate the ſolution of platina, but Bergman 
has obſerved, that on the addition of a confiderable quantity of 
that alkali a precipitate is readily afforded. 

Alkaline pruſſiats form an abundaut blue precipitate, which, 
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according to Baume, ariſes from the iron contained in the al- 
kali ; fince pruſſiat of potaſh, deprived of the iron it contains 
by the proceſs directed by that chemiſt, does not afford more 
than a few particles of blue, with the ſolution of platina, 
which ariſe from the ſmall portion of iron always contained in 
that metal. Bergman affirms that the alkaline pruſſiat, well 
ſaturated and very pure, does not precipitate the ſolution of 
platina; and that this metal is the only one not precipitated by 
the reagent ; he, therefore, propoſes this lixivium to ſeparate 
from it the iron which it always contains. 

The cauſtic ammoniac precipitates platina of an orange yel- 
low : this precipitate is almoſt entirely ſaline; water diſſolving 
the greateſt part, and becoming coloured like a ſolution of gold. 
After the action of water on this precipitate, a blackiſh ſub- 
ſtance, which appears to be. ferruginous, remains. The pre- 
eipitate of platina by ammoniac differs from that of gold in its 
not poſſeſſing the fulminating property of the latter. 

Nut-galls precipitate the ſolution of platina of a deep green 
colour, which gradually becomes lighter by ſtanding. 

All the precipitates obtained from the ſolution of platina by 
the addition of alkaline ſubſtances, are not capable of being 
vitrified, or of colouring glaſs. In the trials of Lewis and 
Baume, on this ſubject, the platina was conſtantly reduced in 
grains, in ramifications, or a kind of checquer work. A ſort 
of button of platina may be obtained by expoſing theſe preci- 
pitates to a ſtrong heat, with certain reducing fluxes, as borax, 
cream of tartar, glaſs, &c. Macquer and Baume ſucceeded in 
this manner by a forge fire, urged by two pair of ſtrong bel- 
lows, to melt in thirty-five minutes a precipitate of platina 
mixed with fluxing ſubſtances : they obtained, beneath a hard 
blackiſh glaſs reſembling that of bottles, a button of platina, 
which appeared to have been well fuſed: this button was not 
ductile, but broke into two pieces, and appeared to be hollow; 
its fracture was grained, and its hardneſs nearly equal to that 
of forged iron, as it made deep traces in gold, copper, and even 
in iron. Though we have affirmed that the precipitates of 
platina do not appear to be vitrifiable or capable of tinging 
glaſs, yet Baumè has ſucceeded in melting them into a vitri- 
form ſubſtance by two different proceſſes. The precipitate of 
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platina, mixed with calcined borax, and a very fubible white 
glaſs, was expoſed for thirty-ſix hours in the hotteſt part of a 
potter's furnace, and afforded a greeniſli glaſs, inclining to yel. 
low, without globules of reduced metal. This glaſs, treated 
a ſecond time with cream of tartar, gypſum, and vegetabls 
alkali, was completely melted, and exhibited globules of pla. 
tina diſperſed through their ſubſtance, Baume ſeparated them 
by waſhing, and found them ductile. The ſame chemiſt after. 
wards, together with Macquer, expoſed precipitate o platina 
to the ſame burning mirror with which they had fuſed the me- 
tal : the precipitate exhaled a very thick and luminous fume, 
with a ſtrong ſmell of nitro-muriatic acids; it loſt its red co- 
lour, reſumed that of platina, and melted into a perfect bril- 
liant button, which was found to be an opake vitreous ſub. 
ſtance, of an hyacinthine colour at its ſurface, and blackith 
within, and may be confidered as a true glaſs of platina, It 
may however be obſerved, that the ſaline matters with which 
it was impregnated, contributed doubtleſs to its vitrification. 

The precipitate of platina does not appear to be ſoluble 1a 
{imple acids, but it diſſolves very well in nitro-muriatic acid, 
to, which it gives an orange colour, not at all reſembling the 
brown colour exhibited by the platina in grains. 

The ſolution of platina is not precipitated by the alkaline or 
perfect neutral ſalts; but ammoniacal muriat precipitates it 
abundantly. The rationale of this experiment is not well de- 
cided. The orange-coloured precipitate obtained by pouring 
a ſolution of ammoniacal muriat into a ſolution of platina, 
appears to be a ſaline ſubſtance, entirely ſoluble in water; this 
precipitate has a valuable property, diſcovered by De Lille, 
viz. that it is fuſible, without addition, in a good furnace, or 
common forge heat. The platina melted by this proceſs is a 
brilliant, denſe, and cloſe grained button ; but it is not malle- 
able, unleſs 1t has been expoſed to a very ſtrong heat, Mac- 
quer thinks that this fuſion, like that of the grains of platiua 
expoſed alone to the action of a violent fire, conſiſts only in the 
- agglutination of the ſoftened particles, which being exceeding- 
ly more divided and minute than the grains of platina, adhere 
to and touch each other in a greater number of points than the 
grains ; and in that manner render the texture of the metal 
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much more cloſe, though no true fuſion may have taken place, 
It ſeems, however, that if platina, in grains, be capable of fu. 
fon by the burning glaſs, and of becoming conſiderably ductile, 
the precipitate of this metal made by ammoniacal muriat, may 
likewiſe be fuſed on account of its extreme diviſion ; and that 
its not being as duQtile as the button of platina fuſed by the 
ſolar heat, may perhaps depend on its ſtill retaining a part of 
the matter it carried down with it 1n its precipitation, of which 
it may be poſſible to deprive it by fire. 

Margraaf diflolved platina in agus regia, compoſed of fix. 
teen parts of nitric acid, and one of ammoniacal muriat ; by 
diſtilling this ſolution to dryneſs, and heating the bottom of the 
retort till it was red, a ſalt of a deep red colour was ſublimed, 
and the reſidue was in the form of a reddiſh powder. It is not 
known whether the ſolution of platina in ſimple aqua regia, 
made with the nitric and marine acids, will afford a ſublimate 
of the ſame kind by diſtillation. ' 

Margraaf, Baume, and Lewis, mixed the ſolution of platina 
with ſolutions of all the other metallic ſubſtances ; the reſult 
of their experiments was, that almoſt all the metals preeipi- 
tate platina in the form of a brick-duſt coloured powder, and 
that none of theſe precipitates poſſeſs the metallic properties, 
25 happens with moſt of the other metals. This exhibits ano- 
ther analogy between gold and platina, thongh the latter does 
not afford a purple precipitate with tin, but a brown precipi. 
tate, inclining to red. With regard to the effect of the dif. 
ferent metallic ſolutions on that of platina, it need only be ob. 
ſerved, that the ſolutions of biſmuth and lead by the nitric 
acid, of iron and copper by different acids, and of gold by aqua 
regia, do not produce any precipitate in that of platina, ac- 
cording to Margraaf; but that, on the contrary, thoſe of the 
arſeniat of potaſh, of the nitrats of zink and of filver, preci- 
pitate it ; the firſt in the form of a cryſtallized ſubſtance, in 
imall quantity, and of a beautiful gold colour ; the ſecond in 
a red orange coloured matter, and the third in a yellow mat- 
ter. Theſe different precipitates have not yet been well ex- 
amined ; and the decompoſition by which they are occaſioned 
is unknown. 


Moſt of the neutral ſalts have no action on platina, Mar. 
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graaf heated platina by a ſtrong fire, with ſulphat of potah 
and ſoda ; theſe ſalts melted, and the platina remained in grains 
without alteration : it only communicated a ſlight reddiſh co. 
lour to the ſaline ſubſtances, doubtleſs on account of the iron 
communicated by the metal to them. 

Nitre produces a fingular alteration in platina, according to 
the experiments of Lewis and Margraaf. Though no detona. 
tion is produced when a mixture of both ſubſtances is thrown 
into a red hot crucible; yet, by a ſtrong heat long continued, 
ſuch as Lewis applied for three ſucceſſive days and nights to a 
mixture of one part of platina and two of nitre, the metal be. 
comes of a ruſty colour. If the mixture be boiled in water, 
the fluid diſſolves the alkali, which takes up the browniſh pow- 
der, and the platina ſeparated from the liquid is found dimi. 
niſhed more than one third of its weight. The brown powder 
taken up by the alkali may be ſeparated by filtration. It ap- 
pears to be a kind of oxyd of platina, mixed with a ſmall quan- 
tity of oxyd of iron. Lewis converted this oxyd to a whitiſh 
grey colour, by diſtilling it a great number of times with am- 
moniacal muriat. Margraaf, who repeated this experiment, 
adds two important facts; the firft is, that platina, combined 
with the alkali of nitre, and diluted in a certain quantity of 
water, forms a jelly ; and the other, that by heating the por- 
tion of metal ſeparated from the jelly, diluted with water and 
filtrated, it becomes of a black pitchy colour. This experi- 
ment certainly ſhows a great alteration of the platina, and re- 
quires to be continued, in order to decide whether, by virtue 
of repeated oxydations with nitre, it be poſſible to reduce the 
whole of the metal into a brown powder, and eſpecially to de- 
termine the ſtate of the platina thus oxydated. 

The muriats of potaſh and of ſoda, borax, and the earthy 
ſalts, produce no change in platina, nor facilitate its fuſion ; 
ammoniacal muriat, diſtilled with this metal, affords a ſmall 
quantity of martial flowers by virtue of the iron it contains“. 
Chemiſts are not agreed reſpecting the mutual action of arſeuic 
and platina. Scheffer firſt aſſerted, that arſenic cauſes this me- 
tal to enter into fuſion ; but the experiment ſucceeded but im- 
perfectly in the hands of Lewis, and not at all with Margraaf, 
Macquer, and Baumé. This experiment has been fince re- 
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peated, and it appears that platina is in fact very fuſible with _ 


arſenic, but that it remains brittle. In proportion as the ar- 
{enic is driven olF by a continuance of heat, it becomes more 
ductile, and by this proceſs it is, that Achard and Morveau 
ſucceeded in making crucibles of platina, by melting it a ſe- 
cond time in moulds. No one has attempted to combine co- 
balt, nickel, or manganeſe with platina. 

This perfect metal unites very well with biſmuth, which 
renders it ſo much the more fuſible, as the quantity of the lat- 
ter is greater ; the alloy 1s brittle, and becomes yellow, pur- 
ple, and blackiſh in the air. This mixed metal cannot be cu- 
pelled without the greateſt difficulty, and never forms a maſs 
of any conſiderable ductility. | 

Platina fuſes readily with autimony, and produces a brittle 
metal of a plated texture, from which the antimony may be 
ſeparated by the action of fire, though not ſo completely, but 
that the platina always retains a ſufficient quantity to render 
it defective in weight and ductility. 

Zink renders platina very fufible, and combines readily with 
it; this alloy 1s brittle, and difficult to file ; its colour is blue- 
ih. When the platina is moſt abundant, theſe two metallic 
ſubſtances are ſeparated by the action of fire, which volatilizes 
the zink, though the platina always retains a ſmall portion. 

Platina does not Cite with mercury, though triturated for 


ſeveral hours with that metallic fluid. It is likewiſe known 


that platina refiſts the mercury uſed in America to ſeparate 
the gold. Many intermediums, ſuch as water, uſed by Lewis 
and Baume, and nitro-muriatic acid by Scheffer, have not been 
found to facilitate the union of theſe two metals. In this re- 
ſpect platina appears to reſemble iron, to whoſe colour and 
hardneſs it likewiſe in ſome reſpects approaches ©, 

Platina mixes very eaſily with tin, and forms a very fuſible 
and fluid alloy. It is brittle, ſo as even to break by a fall 
when the two metals are united in.equal portions. When the 
tin 1s in the proportion of twelve or more to one of platina, 
the mixture is conſiderably ductile, but its grain is coarſe, and 
it becomes yellow in the air. Platina remarkably diminiſhes 
the ductility of tin, and the alloy does not promiſe to be of any 
uſe ; yet, when it is well poliſhed, it may remain long expoſed 
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to the air without alteration. It ſeems that Lewis, to whon, 
we are indebted for moſt of the knowledge we poſleſs reſpe&.. 
ing the alloys of platina, ſucceeded in oxydating this metal, 
and diſſolving it in the muriatic acid by means of tin. 

Lead and platina unite very well by fuſion, but they require 
a ſtronger heat than the laſt mentioned alloy. Platina deprives 
lead of its ductility; the combination of theſe two metals is of 
a purpliſh colour, and brittle, according to the proportion of 
platina, ſtriated and granulated in its fracture, and quickly 
changes by expoſure to air. Cupellation with lead was one of 
the firſt and moſt important experiments attempted to be made 
with platina, becauſe this operation was expected to deprive it 
of the foreign metallic ſubſtances it might contain. Lewis, and 
| ſeveral other chemiſts, have in vain attempted to cupel platina 
in the ordinary cupelling furnaces, though they applied a moſt 
violent heat. 'The vitrification and abſorption of the lead takes 
place as uſual at the commencement of the proceſs, on account 
of the exceſs of that metal; but the platina ſoon becomes fixed, 
and the operation 1s at an end. 'The metal remains united with 
a portion of the lead, and is not at all ductile. Macquer and 
Baume ſucceeded in the perfect cupellation of platina, by ex- 
poſing an ounce of the metal, and two ounces of lead, in the 
hotteſt part of the porcelain furnace at Seves. The wood fire 
laſts for fifty hours ſucceſſively ; at the end of this time the 
platina was found flattened on the cupel ; its upper ſurface was 
dull and rough, and eafily ſeparated ; its under ſurface was 
brilliant, and, what is the moſt valuable, it was eaſily extend- 
ed under the hammer. Theſe chemiſts were convinced, by 
every poſlible method, that the platina did not contain lead, 
but was very pure. Morveau likewiſe ſacceeded in cupelling 
a mixture of one drachm of platina, and two drachms of lead, 
in the wind furnace of Macquer : this operation, made at four 
ſucceſſive times, laſted eleven or twelve hours. Morveau ob- 
tained a button of platina, not adhering to the cupel, uniform, 
of a colour reſembling tin, but rather rough, which weighed 
exactly one drachm, and was found to be not at all acted on by 
the magnet. This proceſs appears to be excellently adapted for 
obtaining platina in plates or laminæ, which may bo forged, 
and conſequently may be employed in making various utenbls 
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of great value, with reſpect to hardneſs and unchangeableneſs. 
Baume has likewiſe obſerved another very uſeful property, 

viz. that of welding and forging together, like iron, without 
the aſſiſtance of any other metal. After having heated two 
pieces of platina to whiteneſs, which had been cupelled in the 
furnace of Seves, he placed them one on the other, and ſtrik- 
ing them briſkly with the hammer, they welded together as 
quickly and firmly as two pieces of iron would have done. 
The great importance of this experiment, with reſpe& to the 
arts, need not be inſiſted on. 

Macquer could not obtain an alloy with forged iron and pla- 
tina: this mixed metal would poſſeſs the great advantage of 
uniting the hardneſs of ſteel with a conſiderable duQility, or at 
leaſt it would not be brittle like ſteel. The Engliſh chemiſt 
we have quoted melted a mixture of caſt iron and platina; the 
alloy was ſo hard as not to be touched by the file; it had a 
light degree of ductility, but broke ſhort when ignited. 

Platina communicates hardneſs to copper, with which it 
melts with confiderable facility: this alloy is ductile, when the 
doſe of copper is three or four times greater than that of pla- 
tina ; it is capable of taking the moſt beautiful poliſh, and was 
not tarniſhed in the air during the ſpace of ten years. 

Platina partly deſtroys the ductility of filver, augments its 
hardneſs, and impairs its colour. This mixture is very diffi. 
cult to fuſe ; by fuſion and reſt the two metals are ſeparated. 
Lewis obſerved, that filver melted with platina was thrown up 
againſt the ſides of a crucible with a kind of exploſion ; a pro- 
perty which appears to belong to filver-alone ; for D*Arcet has 
obſerved that this metal breaks balls of porcelain, in which it 
is encloſed, and is thrown out by the action of the fire. 

Platina does nat readily combine with gold, but by the help 
of a very ſtrong fire. It greatly alters the colour of this me- 
tal, unleſs, its quantity be very ſmall; thus, for example, 2 
torty-ſeventh part of platina, and all the proportions below 
that, do not greatly change the colour of gold. Platina does 
not much impait the ductility of gold, which is leſs affected 
than any other metal by the admixture. The ſpecific gravity 
of platina being ſuperior to that of gold, might give riſe to 
frauds ; and for this reaſon the Spaniſh miniſtry have prohi- 
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bited its exportation: however, ſince chemiſtry has diſcovers 
methods for diſtinguiſhing the alloy of gold with platina, and 
even of platina alloyed with gold, theſe fears 'ought no longer 
to be attended to; and it is much to be defired that platina 
may no longer be prohibited, but that this new metal, which 
promiſes ſuch conſiderable advantages to ſociety, may become 
an article of commerce. 

The ſolution of ammoniacal muriat, as we have obſerved, 
has the property of precipitating platina ; if, therefore, gold 
be ſuſpected to be alloyed with platina, its ſolution in agua ve. 
gia may be aſſayed with a ſolution of ammoniacal muriat. The 
{mall quantity of platina it contains will occaſion an orange or 
reddiſh precipitate ; if no precipitate is thrown down, the gold 
does not contain platina. If it ſhould happen that the valuable 
properties of platina ſhould at ſome future time render it more 
ſcarce and valuable than gold, it will not be in the power of 
avarice to deceive us in alloying it with gold, fince a ſolution 
of ſulphat of iron, which has the property of precipitating the 
ſolution of gold without producing any change in that of plz. 
tina, would immediately expoſe the deception. A piece of tin, 
plunged in a ſolution of platina alloyed with gold, would like. 
wiſe ſhow the preſence of the latter, by becoming covered with 
a purple precipitate ; whereas platina gives only a dirty brown 
precipitate, of a reddiſh colour: this laſt precipitate likewiſe 
does not colour glaſs, whereas the precipitate of gold gives it 
a purple colour. 

All the properties of platina which we have examined ap- 
pear to prove that this ſubſtance 1s a peculiar metal : its want 
of ductility and fuſibility, which have been confidered by ſome 
writers as ſtrong objections to this opinion, are not capable of 
overthrowing it, ſince there is perhaps a leſs difference between 
the fuſibility of platina and forged iron, than between that of 
forged iron and lead, and ſince its want of duQility ariſes from 
its not having undergone complete fuſion. As to the opinion 
of thoſe philoſophers wha conſider platina as a natural alloy of 
iron and of gold, however ingenzous and ſatisfactory it may 
appear, it is impoſſible to admit it, until the metal has been 
| ſeparated into the two others by an accurate analyſis, and until 
platina can be better imitated by the artificial alloy of gold and 
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iron, Laſtly, Macquer has made a very ſtrong objection a- 
gainſt this laſt opinion, by obſerving, that the more platina is 
deprived of the iron it contains, the greater is the difference 
between its external appearances and thoſe of gold. 

The important uſes to which this precious metal may be ap- 
plied will be eafily conceived, when it is confidered that it 
unites the indeſtructibility of gold to a degree of hardneſs al- 
moſt equal to that of iron ; that it refiſts the action of the moſt 
violent fire, and alſo of the moſt concentrated acids. It can- 
not be doubted but that chemiſtry and the arts would be in the 
higheſt degree benefited by its being applied to uſeful pur. 
poles. \ 
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Tax ſpecific weight of this metal, as aſcertained by Morveau, is 20,847, 

d Morveau ſucceeded in partially oxydating the ſurface of a plate of platina, 
by keeping it in a red heat, and by projecting upon it oxygenated muriat of pot- 
aſh, The ſalt did not detonate, but it was volatilized with a reſidue. Ann. de 
Chem, Tom. XXV. p. 1. 

c A recent experiment of Morveau's ſeems to ſhow that platina, in the uſual 
temperature, amalgamates by long contact with mercury, though very lowly in- 
deed, and in a very weak degree. This union, however, is greatly aſſiſted by 
heat, Morveau found that the platina, like gold, was diſpoſed to oxydation in 
conſequence of its union with mercury. 
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CONCERNING CHROME. 


V avarein has diſcovered a new metal in the red lead of Siberia, to which l. 
has given the name of chrome. The following account of its properties, and the 
proceſs for obtaining it, is taken from the 25th volume of the Annalles de Chemic. 
| Experiment J. A hundred parts of this mineral (red lead), reduced to a fine pow- 
der, were mixed with 300 parts of the ſaturated carbonat of potaſh, and about 
4000 parts of water, and this mixture was expoſed for an hour to a boiling heat. 
I obſerved,. Iiſt, That when theſe matters began to act upon each other, a lively 
efferveſcence was produced, which continued a long time; 2d, That the orange 
colour of the lead became a brifk red; zd, That at a certain period the whole 
matter ſeemed to be diſſoleed; th, That i in Proportion as the efferveſcence went 
on, the matter reappeared under the form of a granulated powder, of a dirty yel- 
low colour; 5th, That the liquor aſſumed a beautiful golden yellow colour. When 
the efferveſcence had entirely ſubſided, and when the ſubſtances ceaſed to act on 
each other, the liquor was filtered, and the metallic powder collected on the pa· 
per. After being waſhed and dried, it weighed no more than 78 parts; the pot. 
aſh therefore had taken up 22 parts. 

Experiment II. I poured upon the 78 parts juſt mentioned ſome nitric acid dilut- 
ed with 12 parts of water. A briſt efferveſcence took place; the greater part of 
the matter was diſſolved ; the liquor did not become coloured g and there remain. 
ed only a ſmall quantity of powd&, of a citron yellow colour. I ſeparated the li- 
quor of the reſiduum by the help of a ſyphon, waſhed the matter ſeveral times, 
and united the waſhings with the firſt liquor, This reſiduum dried weighed no 
more than 14 parts, from which it followed that the nitric acid had diſſolved 64. 

Experiment III. | 2gain mixed theſe 14 parts with 42 parts of the carbonat of 
potaſh, and the neceſſary quantity of water. I then treated. them as in experi- 
ment if, and the phenomena were the ſame. The liquor, after being filtered, was 
united to the former, and the reſiduum, waſhed and dried, weighed no more than 
two parts, which were ſtill red Icad, aud thercfore thrown away. 

Experiment TV. The two nitric ſolutions united and evaporated afforded gz parts 
of the nitrat of lead, cryſtallized in octahedrons, perſectly white and tranſparent, 
"Theſe 92 parts of nitrat of lead diſſolved in water were precipitated by a ſolution 
of ſulphat of ſoda. By this, 81 parts of the ſulphat of lead were produced, which 
are equivalent to 56,68 of metallic lead. 

Experiment V. The alkaline liquors united had a citron yellow colour. They 
depoſited, at the end of ſome days, two parts of a yellow powder, which did not 
contain any lead. Theſe liquors, ſubjected to evaporation till a ſaline pellicle was 
formed on their ſurface, afforded, by cooling, yellow cryſtals, among which there 
was carbonat of potaſh undecompoſed. Theſe cryſtals being diſſolved in water, 
the ſolution united to the mother water was mixed with weak nitric acid until the 
carbonat of potaſh was ſaturated. The liquor had then a very deep orange red 
colour. Being mixed with a ſolution of the muriat of tin newly made, it firſt aſ- 
ſumed a brown colour, which afterwards became greeniſh, Mixed with a ſolution 
of the nitrat of lead, it immediately produced the red lead. Laſtly, Evaporated 
ſpontaneouſly, it produced ruby- red coloured cryſtals mixed with cryſtals of the 
nitrat of potaſh. 98 parts of this mineral decompoſed as above mentioned 
having afforded 81 parts of the ſulphat of lead, 100 parts would have given 
82,65, which are equivalent to 57,1 of the metallic lead. But admitting, as expe 
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riment proves, that roo parts of lead abſorb, in combining with acids, 12 parts of 
oxygen, the 37, f of metallic lead ought to contain in the red lead 6,36 of this 
principle, and we ought to have for the mineralizing acid 36,4. 

Experiment VT, To verify by ſyntheſis the proportion of the principles of the 
red lead found by analyfis, I diſſolved about 50 grains of metallic lead in the nitric 
acid, and the folution being divided into two equal parts, one of them was com- 
pletely precipitated by the neceſfary quantity of the combination of the acid of red 
lead with potaſh, and 43 grains of red lead were obtained, as beautiful as the na- 
tive mineral, The other portion of the nitrat of lead, precipitated by cauſtic pot- 
aſh, gave 28 grains of the white oxyd of lead; fo that by this ſyntheſis 00 parts 
of red lead are compoſed of 65,12 of the oxyd of lead, and 34,88 of acid. By ana- 
yſis, as has been ſhown, it affords only 1,72 * leſs in the acid which mineralizes 
the red lead; a difference which approaches as near to correQtneſs as chemical 
means will admit f. 

Though the properties which have been explained are, ſtrictly ſpeaking, more 
than ſufficient to convince any one well acquainted with the differencial charaQters 
of metallic ſubſtances that the one in queſtion belongs to a particular ſpecies, 1 
thought it my duty to compare its acid by a ſeries of combinations with the mo- 
lybdic acid, in fome of the properties of which it ſeems to participate. 

The combination of the molybdic acid with potaſh affords a ſak which has no 
colour. 

The combination of the acid of red lead with potaſh gives a Gl of an orange 
colour. 

A. Molybdic acid, mixed with filings of tin and the muriatic acid, immedi- 
ately becomes blue, and precipitates flakes of the ſame colour, which diſappear 
at the end of ſome time, if an exceſs of muriatic acid has been added, and the li- 
quor aſſumes a browniſh colour, 

B. Acid of red lead, treated in the ſame manner, becomes at firſt yellowiſh 
brown, and afterwards aſſumes a beautiful green colour. 

A. Mixed with a ſolution of hydro-ſulphure of potaſh, gives no precipitate; but 
Oy the addition of ſome drops of the nitric acid, there is * formed a 
precipitate of a cheſnut brown colour. 

B. Mixed with the ſame reagent, gives, without the addition of the nitric * 
a green precipitate, which by that acid becomes yellowiſh. 

A. With a ſolution of the nitrat of lead, forms a white precipitate, ſoluble in 
the nitric acid. 

B. Mixed with the ſame ſolutiop, gives an orange coloured precipitate, abſo- 
lutely of the ſame ſhade as that of the red lead pulverized. 

A. Mixed with à little alcohol and nitric acid, does not change its colour. 

I. Added to the fame reagent, immediately afſumes a blueiſh green colour, 
which preſerves the ſame ſhade even after deſſication. Ether alone gives it the 
ſame colour, ; 

A. With a ſolution of the nitrat of mercury, gives 2 white flaky precipitate. 

B. With the ſame ſolution of mercury, affords a precipitate of- a dark cinnabar 
- colour, 


A. With a ſolution of the nitrat of ſilver, forms a white flaky precipitate. : 


— 


The difference is only 1 52. 
Red lead of Siberia contains a little water, according te the experiments ot 
Bucquet, to which perhaps this difference is owing. 
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B. With the ſame reagent, gives a precipitate, which, the moment it is form. 
ed, appears of a moſt beautiſul carmine colour, but which becomes purple by ex- 
poſure to the light. This combination expoſed to the heat of the blow-pipe melts 
before the charcoal is inflamed. It aſſumes a blackiſh and metallic appearance, If 
it be then pulverized, the powder is ſtill purple; but after the blue flame of the 
lamp is braught in contact with this matter, it aſſumes a green colour, and the 
ſilver appears in globules diſſeminated throughout its ſubſtance. 

A. With the nitrat of copper, forms a greeniſh precipitate, 

B. With the ſame ſolution, gives a cheſnut red precipitate. 

A. With the ſolutions of ſulphat of zink, muriat of biſmuth, muriat of anti. 
mony, nitrat of nickel, the muriats of gold and platina, produces white preci- 
pitates, when theſe ſolutious do not contain exceſs of acid. 

B. With the ſame ſolutions, produces almoſt the ſame phenomena, except that 
the precipitates are for the molt part yellowifh. That of gold is greeniſh, 

The molybdic acid alone melted with borax gives it a blueiſh colour, 

2. Paper dipped in the molybdic acid becomes in the ſun of a beautiful blue c- 


lour. 
3. The melybdat of lead diſſolves in the muriatic acid, and the ſolution does 


not aſſume any colour even by ebullition. 
The acid of red lead alone melted with borax communicates to it a very dark 


green colour. | 
2. Paper impregnated with the acid of red lead aſſumes in the light a greeniſh 


colour. 

3. The red lead diſſolves even without the application of heat in the muriatic 
acid, and the ſolution has an orange red colour; but by boiling it aſſumes a beau- 
tiful green colour, and highly oxygenated muriatic acid is formed. 

From theſe phenomena, I entertain no doubt. that the acid which mineralizes 
the red lead of Siberia has for its baſes a particular metal hitherto unknown. If, 
indeed, it be compared with all the other metals, no perfe& analogy will be found 
between them. The uranium does not become acid, it cannot be combined with 
cauſtic alkalis, and it does not redden vegetable blue colours, Titanium diſſolves 
in acids, produces cryſtallizable ſalts, and does not combine with alkalis. Tung- 
ten becomes yellow in acids without being diſſolved, and affords with alkalis 
white cryſtallizable ſalts, It would be endleſs to continue the compariſon of this 
fubſtance with the other metals; their propertics are too well known, and it is 
evident that they do not exhibit ſimilar phenomena. | 

When muriatic acid, mixed with an equal part of water, is poured on red lead, 
a muriat of lead is formed, which is depoſited in the form of white cryſtals, and 
the liquor aſſumes a beautiful orange colour. In this operation the native acid of 
the red lead is ſeparated, and remains diſſolved in the water of the muriatic acid. 
By evaporating the liquor flowly in the dark, cryſtals of the acid of lead are form- 
ed, which are of a ruby-red colour. But if the muriatic acid be in too great quan» 
tity, or too highly concentrated, or if the operation be conducted in a ſtrong 
Heat, inſtead of a red acid; a deep green liquor is formed by the combination of 
the oxyd of the new metal with the muriatic acid. 1 

-Sulphuric acid alſo decompoſes the red lead, but it is difficult to ſeparate the 
proda&s which are formed. | 

Nitric acid produces no change in the nature of red lead. It indeed eſſects 2 
iolution when aſſiſted by heat, but the greater part of the red lead ſeparates unal- 


tered by cooling. 
Cauſtic alkalis do not appear to decompoſe red lead; they diſſolve it entirely, 
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and form with it a wipe 3 the properties of which 1 have not yet fully 
examined. 

Alkaline carbonats, on the contrary, decompoſe the red lead completely, A 
carbonat of lead is formed on the one hand, and, on the other, a ſoluble ſalt, com- 
poſed of the metallic acid and the baſe of the carbonat employed. 

The ſalts which this acid forms with alkalis cryſtallize into priſms or into la- 
minæ of a golden yellow colour. I have not yet been able exactly to determine 
their form from the ſmallneſs of the quantity upon which I have operated. 

Theſe falts have a lightly metallic taſte, and aſſume a green colour by fuſion. 
They are decompoſed by acids and by alkaline earths, with which they form ci- 
tron yellow precipitates. 

Muriatic is the only mineral acid which exerts any very remarkable action on 
the acid of red lead. When red lead or its acid is diſtilled with a ſome what con- 
centrared muriatic acid, oxygenated muriatic acid is ſoon diſengaged, and the li- 
quor aſſumes a beautiful green colour. In this experiment the muriatic acid takes 
a part of its oxygen from the acid of the lead, and reduces it to the ſlate of a green 
oxyd, which is held in ſolution by another portion of the muriatic acid, 


A thin plate of gold was diſſolved in a ſhort time in a mixture of muriatic acid 


and the acid of lead. The ſolution had a yellowiſh green colour, 

Sulphuric acid in the cold has no action upon this acid, but in the heat it gives 
to it a bluciſh green colour. This eſfect is undaybtedly produced by favouring 
the diſengagement of a portion of the oxygen of the acid from lead. 

Sulphurcous acid ſeizes upon a portion of the oxygen of this acid, and becomes 
ſulphuric acid, while the acid of lead is reduced to the ſtate of an oxyd, and dif- 
ſolved in the ſulphuric acid. 

To try whether the acid of red lead could be reduced to the metallic ſtate, I put 
72 parts of this acid into a crucible of charcoal, which 1 placed in another crucible 
of earth filled with powder of charcoal. I heated it for half an hour in the fire 
of a forge furnace. In the charcoal I found a metallic maſs of a white grey co- 
lour, formed of needles interlaced in each other, and which weighed 24 parts. 
The acid of red lead therefore contains a great qaantity of oxygen. 

1. This metal is white-greyiſh, very brittie, infuſible, fixed, and cryſtallizes into 
needles, 

2. Expoſed to the heat of the blow-pipe, it is covered with a lilac coloured cruſt, 
which becomes green by cooling. 

3. Heated by the ſame apparatus with borax, it does not melt, but a part, af. 
ter being oxydated, is diſſolved in this ſalt, and communicates to it a very beau- 
tiful green colour, 

4. Acids have only a weak action on this metal. The nitric is the only acid 
which produces any remarkable change, By diſtilling to dryneſs five or ſix times 
ſucceſſively 20 parts of this acid concentrated upon one of metal, 1 was able to 
change it into a yellow orange coloured powder, which began to aſſume a green 
colour. This powder is acid; diſſolves in water ; combines with alkalis, from 
which it diſengages carbonic acid ; precipitates metallic ſolutions with preciſely 
the ſame phenomena as the native acid of red lead. 

have given the name of chrome, which ſignifies colour, to this metal, from the 
ſuggeſtion of Fourcroy and Hauy, becauſe all the combinations of this ſubſtance 
are more or leſs coloured. 


The uſes of this metal are not known, Perhaps it may afford beautiful and 
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durable colours to the painter or the enameller. I have found the oxyd of this 
metal in the emerald, which receives from it its colouring part. 


CONCERNING URANIUM. 


© Krarnory has diſcovered a new metal, ro which he has given the name of 
Uranium, in the ſubſtance known by mineralogiſts under the names of pechblende, 
green mica, Or chalkolithe, The account which this celebrated chemiſt has given 
of the nature and properties of this metal, has been fully confirmed by the expe- 
riments of Richter. 

Uranium exiſts in nature, I. In the ſtate of an oxyd. Of this, mineralogiſts di- 
guiſh two ſpecies. | 

A. The ochre of uranium, conſiſting of the oxyd of this metal with a greater or 
#naller portion of iron. 

B. Chalkelithe, or micaceous uranitic ore. 

IT. In the ſtate of an ore, us in pecbblende mineralized with ſulphur. 

When pechblende, free from all adhering impurities, is digeſted in nitric acid 
the metallic matter which it contains is completely Ciflolved, while part of the 
ſulphur remains undiſſolved, and part of it is diſſipated under the form of ſulphu- 
rated hydrogen gas. Alkalis precipitate from this ſolution the oxyd of uranium, 
which has a citron yellow colour when pure, but which receives a browniſh tinge 
from an admixture of iron. 

The oxyd of uranium is fixed in the fire. It undergoes only a flight change of 
colour from expoſure on charcoal to the blow-pipe. A globule of a browniſh co- 
lour is obtained by melting it with ſoda or borax. Microcoſmic. ſalt forms with it 
a clear green coloured glaſs. 

This oxyd is reduced to the metallic ſtate with great difficulty. Saline matters 
ſeem to be improper for this purpoſe, in conſequence of their forming conſtantly, 
with this ſubſtance, black glaſſy flags. Klaproth obtained a metallic globule, 28 
grains in weight, by forming a ball with 5 grains of the oxyd and a little wax, 
and by expoſing this ball in a crucible lined with charcoal, to a heat equal to the 
170 of Wedgewood's pyrometer. Richter obtained, in a ſingle experiment, 
100 grains of this metal, which ſeemed to be free from all admixture of foreign 
matter. In its luſtre and grain, it was not unlike fleel; but it was not, like ſteel, 
affected by expoſure to air and moiſture, The ſpecific weight of this piece was 
694. It received a beautiful poliſh, and was attracted by the magnet. 

Oxyd of uranium melts with different preparations of earths and alkalis, and 
communicates to the glaſſes which they form, a variety of colours. 

Sulphuric acid diſſolves the oxyd, but not ſo readily the metal of uranium. By 
evaporation, Richter obtained citron yellow coloured cubical cryſtals. 

Nitric acid diſſolves readily the metal, as well as the oxyd of uranium. 

Klaproth obtained from this ſolution beautiful clear ſix fided tabular cryſtals, of 
about 3-4ths of an inch long, and r-4th broad. This ſalt efloreſces when expol- 


cd to the air. 
Muriatic acid forms, with oxyd of uranium, four-ſided tabular cryſtals, of 3 


yellowiſh green colour, which attract humidity from the air. 


Fluoric acid diſſolves the oxyd of uranium, and forms with it a falt that is not 
';able to deliqueſcence. 

Concentrated acetic acid diſſolves the oxyd of uranium by digeſtion, The ſo- 
lution affords, by low evaporation, beautiful clear topaz coloured four: ſided prif- 
matic cryſtals, about an inch in length, terminated by four-ſided pyramids. Af. 
ter the diſſipation of the acid by heat, theſe cryſtals retained nearly the ſame form 
with acetat of uranium. 

Phoſphoric acid combines with the oxyd of uranium, and forms with it yellow- 
iſh white irregular flakes, which are dilficultly ſoluble in water. A ſimilar preci- 
pitation is produced, by adding phoſphoric acid to a ſolution of acetat of ura« 
nium. 

Tartaric acid forms with oxyd of uranium a ſalt extremely difficult to diſſolve 
in water. This ſalt is moſt eaſily obtained in the way of double affinity, by add- 
ing tartarit of potaſh to a ſaturated ſolution of uranium in the nitric acid. Tar- 
tarit of uranium is decompoſed by the ſulphuric, nitric, and muriatic acids. 

Richter ſucceeded in combining the citric, oxalic, malic, benzoic, ſuccinic, and 
boracic acids, with oxyd of uranium. Theſe combinations were greatly aſſiſted 
by heat. 

"Ihe pyrolignic acid diſſolves alſo the oxyd of uranium by the affiſtance of heat, 
and ſhoots with it into yellowiſh white plumoſe cryſtals, which are permanent iz 
we air. 

The ſebacic and formic acids unite with the oxyd of uranium, and form with 
it mucilaginous- like maſſes, which attract moiſture from the atmoſphere. - 


Arſeniat of petaſh *-compoſes the nitric ſolution of * and a white 3 


arſeniat of uranium tated. 

If molybdat of p dded to a ſolution of uranium in the nitric acid, a 
mutual exchange «< kes place. The molybdat of uranium which is formed 
is diſficultly ſolub er, has a whitiſh yellow colour, paſſing into a brown. 


iſh, This ſalt is dec... | ſed by the ſulphur in nitric and muriatic acid. 


The tungſtat, which may be obtained in the ſame way with the molybdat, has by 


browniſh white colour, and is inſoluble in water. 

The gallic acid precipitates uranium from its ſolutions in acids. When the acid 
is in exceſs, there is only a very ſmall quantity of precipitate formed. The addi- 
tion of an alkali to the acid ſolution occaſions a copious chocolate-brown * 
pitate. 

Pruſſiat of potaſh precipitates uranium of a brown red colour, having a ſtrong 
reſemblance to the precipitate of copper by the ſame acid. It differs from it, how- 
ever, in being diffuſed through the liquor, and not in flakes, like the precipitate of 
copper. Pruſſiat of uranium has alſo a ſtreng reſemblance to the pruſfiat of 
molybdena precipitated from ſolution in muriatic acid; but it may be eaſily di- 
{inguiſhed from that ſubſtance by its affinities. 

The carbonats of alkalis diſſolve the oxyd of uranium, though the carbonic acid 


itſelf ſeems to have a very weak affinity for this oxyd. Does the ſolution of oxyd 
of uranium, in a carbonat of alkali, form a triple ſalt ? 


Oxyd of uranium is inſoluble in cauſtic fixed alkalis. lt receives from then, : 


however, a dark brown colour. 

Sulphur, though found in a ſlate of combination with oxyd of uranium, feems 
to have only a weak affinity for this ſubſtance, 

If a few drops of an alkaline ſulphure be added to a ſolution of uranium in ni 


ya acid, a brown red coloured, and afterwards a black brown precipitate, is pro- 
uced, 
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The ammoniacal fulphure occaſions a brown yellow precipitate in the fame ſo- 
lution, and the ſurface of the liquor is at length covered with a greyiſh metallic 
pellicle. 

Klaproth ſuſpended bars of iron and zink in the nitric ſolution of uranium, but 
no precipitation of this metal took place. 

Uranium amalgamates difficultly, if at all, with mercury, 

Sulphuric ether aſſumes a golden yellow colour, by mixing it with a ſolution of 
nitrat of uranium, which has been evaporated to the conſiſtence of a ſyrup, X/«- 
protb Bertrage B. IL ſ. 195. Richter ueber die neuern Gegenflan, der Chemie, S. I. { 1. 
Gren's Handbuck., Uranium. | 


CONCERNING TELLURIUM. 


Krarsorn has diſcovered a metal abſolutely different frem any hitherto known 
in the auriferous ore, known by the name of aurum paradoxum, or problematicum. 

Proceſs for obtaining the metal from the ore: 

1. The ore is gently heated with fix parts of the muriatic acid; three parts of 
the nitric being then added, the mixture is boiled, upon which there ariſes a con- 
fiderable efferveſcence, and a complete ſolution is obtained. 

- 2: The filtered ſolution is diluted with as much water as it can bear without 
becoming turbid, which is a very ſmall quantity, and a ſolution of cauſtic potaſh 
is then added to the liquor until the white precipitate which is at firſt formed diſ- 
appears again, and nothing remains but a brown flaky ſediment. 

3. This laſt precipitate is the oxyd of gold mixed with the oxyd of iron, and a 
ſeparation is effected by the common means. 

4. The muriatic acid is added to the alkaline ſolution (2) in ſufficient quantity 
to ſaturate the alkali entirely. An exceſs of the acid muſt be avoided. A white 
precipitate, which by heat ſettles at the bottom of the veſſel under the form of a 
heavy powder, is produced in great abundance. After the precipitate has been 
waſhed and dried, it is formed into a kind of paſte with a ſufficient quantity of 
any fat oil, and this maſs is put into a ſmall glaſs retort, to which a recipient is 
fightly fitted. When this arrangement is made, it is gradually brought to a red 
heat, and in proportion as the oil is decompoſed, there are obſerved, as in the di- 
ſtillation of mercury, brilliant and metallic drops, which cover the upper part of 
the retort, and which at intervals fall to the bottom of the veſſel, and are imme- 
diately replaced by others, After it is cooled, metallic fixed drops are found ad- 
hering to the ſides of the retort and at the bottom of the veſſel, and the remainder 
of the metal is reduced and melted, with a brilliant ſurface, and almoſt always 

Eſſential characters of this new metal, 

1. It has the white colour of tin approaching to the grey colour of lead. Its 
metallic ſplendor is conſiderable, and its fracture laminated. It is highly brittle 
and friable. By ſuffering it to cool quietly and gradually, it readily aſſumes a 
cryſtallized ſurface, 

2. Its ſpecific gravity is 6,115. 

2 It belongs to the claſs of the moſt fulible metals. 


TELLURJIUM, 535 


4, When heated with the blow-pipe upon charcoal, it burns with a very lively 
game, of a blue colour, inclining at the edges to a green. It is ſo volatile as to 
riſe entirely in a whitiſh grey ſmoke, and exhales a diſagreeable odour like that 
of radiſhes. On ceaſing to heat it, without having entirely volatilized the ſmall 
portion ſubjeRed to this operation, the button which remained retained for a long 
time its liquidity, and by cooling, it was covered with à radiated vegetation, 

5. This metal amalgamates eaſily with mercury. 

6. With ſulphur it forms a grey ſulphure, of a radiated ſtructure. | 

7. A ſolution of it in the nitric acid is tranſparent and colourleſs. When con- 
centrated, it produces in time ſmall white light cryſtals in the form of needles, 
which exhibit a dendritic aggregation. | 

8. The new metal diſſolves in the nitro-muriatic acid. When a large quantity 
of water is added to ſuch a ſaturated ſolution, the metal is precipitated in the ſtate 
of an oxyd under the form of a white powder, which in this ſtate is ſoluble in the 
muriatic acid. 

9. By mixing cold, in a well ſtopped veſſel, a ſmall quantity of this metal with 
100 times its weight of concentrated ſulphuric acid, the latter gradually aſſumes a 
beautiful crimſon red colour. By means of a ſmall quantity of water added drop 
by drop, the liquor diſappears, and the ſmall quantity of the metal diſſolved de- 
poſits itſelf under the form of black lakes. Heat deſtroys the ſolution ; it makes 
the red colour diſappear, and diſpoſes the metal to ſeparate in the ſtate of a white 
oxyd. 

= When, on the contrary, the concentrated ſulphuric acid is diluted with two 

or three parts of water, and a ſmall quantity of the nitric acid has been added, a 
conſiderable quantity of the metal will then be diſſolved. The ſolution is tranſ- 
parent and colourleſs, and is not decompoſed by the mixture of a larger quantity 
of water. 0 

tt. All the pure alkalis precipitate from acid ſolutions of this metal an oxyd of a 
white colour, ſoluble in all acids. By an exceſs of alkali, the precipitate which is 
formed is entirely rediſſolved. If carbonat be employed inſtead of pure alkali, the 
{ame phenomenon takes place, with this difference, however, that by exceſs of the 
latter, the precipitate formed is rediſſol ved only in part. 

12, Exceedingly pure pruſſat of potaſh produces no precipitate in ſolutions of 
this metal, 

13. Alkaline ſulphures mixed with acid ſolutions occaſion a brown or blackiſh 
precipitate, according as the metal is combined with more or leſs oxygen. It 
ſometimes happens that the colour of the precipitate has a perfect reſemblance to 
mineral kermes, or red ſulphurated oxyd ef antimony. When the ſulphure of tel- 
lurium is expoſed on burning charcoal, the metal burns with a blue colour con- 
Jointly with the ſulphur, 

14. The infuſion of nut-galls, combined with the ſame ſolutions, gives birth to a 
flaky precipitate, of an Iſabella colour. | 

15. lron and zink precipitate tellurium from its acid ſolutions in a metallic ſtate 
under the form of ſmall black flakes, which reſume their ſplendour by friction, 
and which on burning charcoal melt into a metallic button. 

16. Tin and antimony produce the ſame phenomenon with the acid ſolutions 
of this new metal. The precipitate formed by the antimony proves, in a ſtriking 
manner, that tellurium is not a diſguiſed antimony, as has been ſuppoſed, A ſo- 
lution of tin in the muriatic acid, mixed with a ſolution of tellurium in the ſame 
acid, produced alſo a black and metallic precipitate. 


17. The oxyd of tellurium obtained from acid ſolutions by alkalis, or that from al- 
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kaline ſolutions by acids, are both reduced with a rapidity raſerbling detonation, 
when they are expoſed to heat on charooal, ie burns and is volatilized, as ha 
been already mentioned. 

18. By heating for ſome time this oxyd of tellurium in a retort, it melts and 
appears after cooling with a yellow ftraw colour, having acquired a ſort cf ragi. 
ated texture. 

19. Mixed with fat bodies, the oxyd of tellurium is perfely reduced by the 
method formerly mentioned. 

The mine of white gold of Fatzebey, aurum problematicum, contains tellurium, 
928.5 iron, 72,0; gold, 2,5—Fotal, ro00,0. 

The graphic gold of Offenbanza centains tellurium, 60 ; gold, 30; ſilver, 10 
Total, 100%. 

Ore from the mine known under the name of the Yellow Mine of Nagyag, con- 
. Eains tellurium, 45 ; gold, 27; lead, 19,5; ſilver, 8,5 ; ſulphur, one atom— Total, 
1000. 

Ore from the mine known by the name of the Mine of Grey Foliated Gold of 
Nagyag contains lead, ge; tellurium, 33; gold, 8,5; ſulphur, 7,5; ſilver and cop- 
ber, 3z— Total, 100%. Philoſophical Magazine, NO, I. p. 78. 


CONCE 1 TITANIUM. 


Krarzory, in his analyfis of the red ſchorl from ten has dimers ts 
diſcovery of a new metal, to which he gives the name of Titanium. This ſub- 
fance appears ts be the fame with that which Mr. M*Gregor found in an iron 
ore from Menakan in Cornwall, and of which he publiſhed a very full and inte- 
reſting account in Crell's Journal for the year 2791. The character by which this 
fabftance ſeems to be chiefly diſtinguiſhed from other metallic ſubſtances, is in its 
forming a brown, red, or orange coloured precipitate with the infuſion of nut- 
galls. Hitherto⸗this ſubſtance has not been obtained in its metallic ſtate. The 
following are the principal varieties of the titanium in its native ſtate, which have 
been deſcribed by mineralogiſts. 

1. Ore of titanium, A. The ſubſtance uſually called red ſchorl from Hungary, is 
bund cryſtallized in four ſided priſms, which have their ſides ſtriped, and in 
fmall needle ſhaped cryſtals, B. Ore of titanium from Spain in light reddiſh 
brown ſix fided priſms, terminated with hexahedral pyramids. C. Ore of titant- 
um in dark reddiſh brown four ſided cryſtals, firſt deſcribed by Prince Gallitzin 
n his Traité de Mineralogie. 

II. The titanit, ſmall cryſtals of this ore are found in a kind of fienit at Paſſau 
in Germany. From a 200 parts of this ſubſtance, Klaproth obtained 33 of oxyd 
of titanium, 35 of filiceous earth, and 33 of lime, with à very ſmall portion of 
mangangeſe. 

HI. Eiſen-titanium, or ſidero- titanium. In wal round ſmooth grains, which 
retain ſome marks of a cryſtalline form, In a 100 parts of this ore, Klaproth 
found 84 of oxyd of titanium, 14 of oxyd of iron, and two of oxyd of mangi- 
acſe. 

IV. Titan-cifen, or titano-ſiderum, A, Menakanit from Cornwall, in greyiſh black 
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grains, attractible by the magnet. From a 100 grains of this ſubſtance Mr. 
M Gregor obtained iron magnetic with a ſmall portion of manganeſe, 46 9-16 


Oxyd of titanium, - 45 
Siliceous earth, - 3 I-2 
Klaproth. Iron, - - 52 
Oxyd of titanium, - A525 
Siliceous carth, — 3,50 
Manganeſe, o, 25 


B. Titan- eiſen from Aſchaffenburg in Spain. This ſubſtance aſforded Klaproth, 
by analyſis, 22 parts in the 100 of oxyd of titanium, and 78 of oxyd of iron, 

The titanium is likewiſe ſaid to have been found in an iron ore from the Ifland 
of Ceylon, and in various parts of France. 

According to Klaproth, the oxyd of titanium diſſolves readily in warm diluted 
ſulphuric acid, and forms with it a clear ſolution, which, by evaporation in the 
open air, is converted into a white muddy gelatinous maſs. 

The nitric acid alſo diſſolves this oxyd. The ſolution acquires an oily conſiſt- 
*nce by ſpontaneous evaporation, in which ſmall tranſparent cryſtals are depoſited» 
the primitive form of which appears to be an elongated rhombus, paſſing into the 
lix ſided table by the truncation of the two oppoſite acute angles. 

The ſolution of the titanic oxyd in muriatic acid afforded to Klaproth, by 
ſpontaneous evaporation, a clear yellow coloured jelly, in which a quantity of very 
{mall cryſtalline grains of a cubic ſhape gradually formed. 

Theſe ſolutions contained from, 3-100 to 5-100 parts of ſiliceous earth. Kla- 
proth conceives that a ſtill greater quantity of this earth enters into the ſolution, 
producing the gelatinous appearance, and preventing the metallic ſalt from af. 
ſuming a regular form. l 

When the carbonat of potaſh was added to the acid ſolutions of titanium, a 
white light flaky precipitate was produced, 

Cauſtic ammoniac occaſioned a ſimilar precipitate. 

Pruſſiat of potaſh produced a copious precipitate of a graſs green colour mixed 
with brown. ; 

Gallic acid produced a voluminous brown red coloured precipitate, ,When this 
ſolution was not too much diluted with water, it became coagulated like blood. 
The precipitate after being collected, waſhed, and dried, had the appearance of 
mineral kermes (red ſulphurated oxyd of antimony). Fifteen grains of this preci- 
pitate were expoſed in a retort to a weak fire; it reſumed its white colour, and 
loſt ſeven grains of its weight, 

The arſenic and phoſphoric acids produced a white precipitate in the acid ſolu- 
tions of this oxyd. | 

Tartaric acid produced alſo a white precipitate, but the precipitate in this caſe 
was ſoon rediſſolved. Similar phenomena took place with the oxalic acid. 

A rod of tin was introduced into the muriatic ſolution, After ſome minutes, 4 
pale roſe colour appeared round the tin rod, which at laſt was changed into a 
beautiful amethyſtine colour. 

Into another portion of the ſame ſolution, diluted with fix parts of water, a rod 
of zink was introduced. The ſolution became at firſt of a violet, and afterwards 
of ant indigo blue colour, When rediſſolved in muriatic acid, the precipitate 
gain exhibited the ſame appearances, 


With Hahneman's kepatiz*d acid liquor (ſolution of ſulphurated hydrogen, con- 
Vel. IL M m 
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taining a few drops of muriatic acid), the muriatic ſolution of titanium remained 
unchanged. 

Sulphure of ammoniac occaſioned a blueiſh green precipitate ; in the dry wars 2 
brownjſk green. 

Fifty grains of titanic oxyd loſt, by 3 to the fire, 12 grains of its weight; 
while warm it had a ſulphur yellow colour, which diſappeared during cooling, 
By this proceſs the oxyd became inſoluble in acids. 

Expoſed on burning charcoal, the oxyd of titaninm became reddiſh, and aſter- 
wards of a ſlate blue colour, A button was formed, which, after cooling, had a 
finely radiated ſurface, It exhibited the ſame appearances with phoſphoric ſalts; 
borax, and ſoda. Applied ro the ſurface of porcelain with a proper flux, it produced 
a beautiful ſtraw coloured enamel. Klaproth endeavoured to reduce this oxyd, by 
mixing it with half its weight of colophonium (or black reſin), and by expoſing 
the mixture to a ſtrong heat, but without effect. After the flame had ceaſed, the 
titanium remained in the form of a white oxyd. Klaproth concludes the titanic 
oxyd to be of a metallic nature, from its becoming of a yellow colour by expo- 
ſure to a glow heat, and of a blueiſh by heating it in contact with charcoal; from 
its communicating a yellow colour by melting it with other bodies; from its being 
precipitated from its ſolution in acids by pruſſiat of potaſh, gallic acid, and alka- 
line ſulphures; from its being precipitated from its acid ſolutions, by tin and zink; 
{rom the ſtrong tendency which it ſeems to have to combine with oxygen; fron 
its being inſoluble in acids, when fully ſaturated with, oxygen, and from its be: 
coming ſoluble when a portion of the oxygen has been abſtracted by heating i it 
with an alkali. Klaproth remarked, that the precipitate, heated with a ſma]! 
quantity of alkali, was not ſo white as that heated with a larger quantity, and 
that the former precipitate diſſolved only in a very imperfect manner in muriati: 
acid, but not at all in ſulphuric or nitric acids. This chemiſt, alſo conſiders the 
change of colour from the blue to the white which the precipitate by zink 
undergoes from expoſure to heat, as an effect depending on the abſorption of 
oxygen. 

This account of the properties of the titanic oxyd by Klaproth, agrees almoſt 
in every particular with that given by Mr. M*Gregor, The latter chemiſt re- 
marks, that water, by ſtanding for ſome hours over oxyd of titanium, acquires an 
opal colour. The nitre and oxygenated muriatic acids ſeemed to him to have ons 
ly a very weak action on this ſubſtance, Mr. M*Gregor heated this oxyd with 
double of its weight of ſulphur, but the oxyd did not appear to ſuffer any chang? 
either in its weight or colour. Heated with microcoſmic ſalts; or borax, this oxyd 
gave a purple tinge to the mixture, ſimilar to that produced by oxyd of manga» 
neſe. This colour diſappeared in the exterior flame of the blowpipe, and could 
not be made to re- appear again. The moſt remarkable fact reſpecting this ſub- 
ſtance, obſerved by Mr. M. Gregor, is the property which it has of preventing the 
formation of Pruſſian blue by the addition of pruſſiat of potaſh, and of ink by 
the addition of gallic acid, when diſſolved in the ſulphuric ſolution of iron. 1s 
not this effect produced by the oxyd of titanium abſtracting a portion of oxygen 
from the iron, and in this way reducing the iron to its minimum of oxydation ? 
The experiment does not ſucceed with the nitric ſolutions of iron and titanium. 
Klaproth's Beitrage, B. I. 1. 233, 245, B. II. ſ. 222. M*Gregor, Journ. de Phy/. 
Tom. XXXIX. p. 72, 152. Emmerling Lebrbuch der Mineralogie, B. III. 1. 37% 
Lampadius neue: Begmana ſches Journ. 1795, B. I. ſ. 248. 

Since the foregoing account of titanium was ſent to the preſs, I have ſeen a me- 
moir on the ſame ſubject by Vauquelin and Hecht, inſerted ia the 1 5th Num- 
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ber of the Journal des Mines. The exiſtence of titanium, as a diſtin& metallic 
ſubſtance, is fully confirmed by the reſearches of theſe. chemiſts, but there is 4 
conſiderable difference in ſome of the reſults which they have obtained. | 
, 100 parts of a red ſchorl, found in France, were reduced to powder and melted 
in a crucible with 600 of carbonat of potaſh, By dilution with boiling water, 
this melted maſs afforded a whitiſh precipitate, which, after being waſhed and 
dried, weighed 157 parts. The alkaline liquor contained only a ſmall portion of 
ſilex and alumine, which it ſeemed to have taken from the crucible ; : it held cau- 
ſtic potaſh in ſolution, and the precipitate itſelf poſſeſſed the property of efferveſ. 
cing with acids, This precipitate loſt 6,25 of its weight by expoſing it ſimply to 
a ſtrong heat. Vauquelin and Hecht, therefore, conſider this precipitate as a 
combination of the metallic oxyd with carbonic acid, and call it the carla f 
titanium. 

An eſſerveſtence was produced by boiling 12 grains of this carbonat in fulphus 
ric acid, The liquor, which at firſt had a Aeg appearance, became clear by an 
increaſe of temperature. | 

A rapid diſengagement of carbonic acid was produced. by mixing 25 parts of 
carhonat of titanium with concentrated nitric acid. When the mixture began to 
grow warm, a conſiderable quantity of nitrous gas was formed, yet the mixture 
always retained a milky appearance. By employing a diluted acid, without the 
application of heat, the oxyd of titanium was cumpletely diſſolved, but it was a- 
gain depoſited by expoſing the ſolution to heat. | 

A ſimilar diſengagement of carbonic acid took place by mixing the white pre- 
cipitate with muriatic acid. The ſolution in the cold was perfectly clear; but it 
ſoon aſſumed a gelatinous appearance by the application of heat. The ſmell of 
oxygenated muriatic acid could be diſtinctly perceived during the depoſition of the 
oxyd of titanium in boiling muriatic acid. Suſpecting that in this proceſs the 
oxyd had loſt a portion of its oxygen, in conſequence of which it became inſoluble 
in muriatic acid, theſe chemiſts digeſted this oxyd in the cold with muriatic acid; 
but no combination took place, though muriatic acid diflolved readily in the ſame 
circumſtances the oxyd of titanium, which had been precipitated from boiling ni- 
tric acid. It would ſeem, therefore, that the oxyd of titanium unites with the ni- 
tric and muriatic acids in two different ſtates of oxydation ; with the nitric, when 
not fully ſaturated with oxygen and with the muriatic —_ only in a high ſtate 
of oxydation. 

I2 parts of carbonat of tanie, boilec with a 100 af acetons acid, did not ex- 
hibit any appearance of efferveſcence, though the liquor aſſumed a milky colour, 
and though it was evident, from the effect of reagents, that the acid had diſſolved 
a portion of the carbonat of titanium. _ 

The pruſſiat of titanium, which is of a green —_— 13 ; decompoſed by alks- 
lis, and paſſes through different ſhades of purple and blue till it becomes finally 
white, | 

By treating carbonat of titanium with a variety of fluxing bodies, Vauquelin 
and Hecht obſerved it repeatedly aſſume a metallic appearance; but, like many 
other metallic ſubſtances, it appeared to he volatile in a high degree of heat. A 
imall portion of this metallic titanium was boiled for a long time with pure nitric 
acid; and though there was no very marked action between theſe ſubſtances, yet 
the ſhining metallic points diſappeared, and a whitiſh matter appeared in their 
place. A whitiſh powder was formed by digeſtion with 1itro-muriatic acid. Va- 
pours of ſulphureous acid were diſengaged during this ebullition of the metallic 
titanium in ſulphuric acid, and the titanium changed into a whitiſh powder, part 
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of which remained diſſol ved in the ſulphuric acid. In one experiment with dilut. 
ed muriatic acid, hydrogen gas was evolved, and a conſiderable quantity of a white 


flaky matter produced in the liquor. 
END OF vol. u. 
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